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[Introduction 


The chemistry textbook - Far the sixth scientific: grade represents the final 
stage in the senes of chemistry books for the secondary level - at its 
Ineomediat: and preparatory level. The committee in eharge of writing this 
Pouk made an effurt du implement Wie objectis es ural Гер» stipulated in rhe 
Tello bite: 
the contwot of thc book have a direct and close link berween the chemistry 
curricula al the secondary lesel and its counterparts at the undergraduate bes el m 
all branches. The book includes modem theories und principles. and practical 
anc mallee | applicative Tor mist of Вето, 

This back includes an introduction to mathematical relations in chemistry that 
MRS used ir previous years, W méludes edi chapters. The liesi chapter 
deals with the chemist ef the thermas namie and its these kaws related ce 
асг, equilibrimm. and theremedynamie funetiens. The second chapter explams 
Ше depic of chemical equilibrio. which inbresduces: Ihe topie el genis 
equilibrium covered Туу the third chapter. As for the fourth chapter, it dealt with 
Lue lopie ef oxidation, reduction, amd тоату, where a full explanalian 
ol cleeimoachemtical cells, their types, and Faraday's laws were presented. | he 
hib chapter deals wilh the topie of harnienic ehenustrg. As it explains tlic 
principles oF this lopie fren the hanging eoinplexes, Uem тилене йите aud 
theories. The sixth chapter deals with the methods of qualitative and 
quaabitabise elienical analysis aod their carmiticaliores from tie gras ioe lic and 
volumetrie analysis processes. The last Mn chapters dealt with Иш kepies of 
organie chemistry ef substitution compounds aud biochemistry. The book's 
chapters covered the different hranches of chemistry, analytical, inorganic, 
phasical, organie, and life, to qualify students for entry te the undergraduate 
level, Ane they але а salad sientie hase inc hich de eomplete ther scientiis 
career. 

The сепил appreciates Ihe efforts of the scientilic experts. Dr. Fadel Saliun 

Matta and Dy. Taqi Al-Din Ladi аталап. 

The committee also thanks Mrs. Крош Wahdi Salem for her assistance m 
var vul [из wark. Lakers eie. dhe committees sincerely Tepes 1 pros ide rhe 
Creneral Directorate af Curieula. on is websile with exeryithung serious 
contribuiron to raising dhe sei niic kvel of snemistee for our dear students ... 


Atah is the {гга ot success 
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ACHIEVEMENTS 

After completing this chapter, the student is expected to : 

*Caleulate the molar mass of molecules 

* Know the relationship between number of moles, mass and molar mass amd can calculate those functions 
* Define molarity and calculate it through number of moles and volume of solution, 


* Define the common logarithm (the logarithm to base 10) and natural logarithm and also the relationship 


between them and rules about them, 


“Calculate the common logarithm of numbers and also their natural logarithm, 


Exercise 1 


Calculate the molar masses of 
the following compounds; 


NaOH, KMnO, . H.SO,. 
K.Cr,O, , MgCl, 
You can find the atomic masses 


of elements in the chart at the 
end of the bonk. 


Review of Information 

In chemical calculations, pupils need to use some mathematical relation- 
ships, symbols and terms which they have learnt before. All those are used 
throughout this book in examples and exercises especially in analvtical and 
physical chemistry. 
A- Thé International System of Units, (SI) 
In the following table, basic units and symbols in SI system are shown. 


(Pian tity Base Unli S vmi 


While calculating, some units as grams (2) ar centimeter (cm) derived from 
those above can be used 


B- Some Mathematical Formula used in this book 
l- Molar mass (M) 


Molar mass is defined as the number af grams that contain in | mole of molecule 
and shown with M and its unit is mol]. Molar mass is equal ta the rmultiplicanon 
of number of atoms of elements with their atomic masses in a molecule, Molar 
mass is calculated as shown in the following example: 


Example -1 


Calculate the molar masses of compounds sodium carbonate Na, CO. and tal- 
cium phosphate Са (РО), 


Atomic weights of elements: 

Na-23, C=12,0=16, Ca=40, P=31 

Solution: 

M(NaCO)-2x23*1*x12*3* 16= 106 g/mol 
M[Ca(PO ,] 3*40*2* 1x 3142 *4% 16= 310 g/mol 
2- Calculating Number of Moles, n 


In order to calculate number of moles, we use the following equation which 
we have used in the previos VEAER. 


Miass (m) gram 


Number of males = ———— — — - 
Malar mass (M) g/mal 
п {mol} = к: (g) 
M (ото) 


Introduction 


Example -2 

Calculate the number of moles of 22 g of potassium carbonate KECO, com- 

peur. 

Solution: 

We calculate the molar mass of KOC, 

M (K.CO,)=2 х 39+1% 1243 х 16 = 138 g/mol 

Using the following equation, we calculate the number of moles. 
m iz) 27 {ӯ 

nimal = E MT ш... Me 0.16 mal 

Migimol) 38 (g/mol) 

By re-arranging the mole equation, we can calculate mass of compounds. 

m (2) = n (mal) * M (g/mol) 

Example - 3 

Calculate how many grams of NaCl make 0.15 moles? 

(Na = 23 pmol, CI = 35.5 g/mol) 

solution: 

I-Molar mass of NaCl is calculated. 

M(NaCl}= 1 х 23+] = 35.5 = 58,5 g/mol 

2-Using the following relationship, m is calculated. 

m (5) = п (пої) * M (g/mol) 

m (g) = 0.15 (mol) * 58.5 (g/mol) = 8.78 € 

3- Molarity (M) 


Molarity is an expression of concentration. It is defined as the mole number of 
substance dissolved in 1 liter solution. We use the following formula to calou- 
late molarity: 


Molarity (M) = Number D moles 
Number of volume 
n (mol) 
M imoti = 
(moly V) 
mig) | 
_ m (sr | j .. Mig/mol) 
n (mal) "Матор = MimolL) Vin) _ 
1600 (mL/L) 


Symbol of molarity, M, is different fram molar mass. 
As vou know, number of moles are found through the following formula: 
After we simplify this formula, we can use the final version of it. 


Exercise 2 
Calculate the number of moles of 
14.2 grams of Na, SÛ, compound. 


Answer; 0.1 mole 


Exercise 3 


Calculate the following: 


|-The number of moles of 72 р of 
H,PO, compound 


2-How many grams are (75 moles 
of Na, PO, compound? 


Answers: 
| E 0,73 mol 
2) 123 р 


Attention: 


Volume is expressed with liter {L} 
milliliter (ml.) or cubic centimeter 
(enr) units. The relationships be- 
tween them are as follows: 


IL 1000 mL 
1L -1000 ст? 


Im. = 1 ст? 


Exercise 4 


After dissolving 15 g of acetic acid 
CHCOOH in 150 mL water, it was 
transferred ta a half liter container 
and it was filled to the brim. Caleu- 
late the molarity of this solution. 


Answer 0,5 М 


Exercise 5 


4g of NaOH (M= 40 g/mol) was 
dissolved im a certain volume of wa- 
ter. As the molarity of the solution 
is 0.05 mol/L, calculate the volume 
of water, 


Answer: 2 И 


Example -4 


AGS liters solution is prepared by dissolving 33 g of sodium carbonate 


(Na СО, salk Calculate the molarity of this solution. 


M (mol/L) m (g) * 1000 (mL/L) 
| Mígimol) x V (mL) 


Solution: 
1. We calculate molar mass of Na CO, compound: 
M (Na CO) = 2 23+ |= 12+3 = I6 = 106 g/mol 
2. We calculate the mole number: 

m (8) 53 (2) 


— = ——— — s (5 mol 
Migimol) — 106 (g/mal) 


nimol) = 
3. We calculate the molarity: 
n (mal) 


M (mol/L) = WD) - 


0.5 (mol) : 
—— — — = 0.1 mol/L =0.1M 
5 (L) mük 
Example -5 


How many grams of Ca( OH), is necessary to prepare a solution of 0.1 M and 
250 mL? 


Solution: 

|. We calculate the molar mass of Cal UH), compound: 

M [Сану] = 14 40-2 * I6 *2* 1 = 74 g/mol 

2. We calculate the molarity using the following relationship: 
mie) = 1000 (mL/L) 


M (molly = 
VERRE, Mig/mol) = V (mL) 


3. We can find the mass hy re-arranging the equation: 
M (тору * M (g/mol) * V (mL) 


m) = 1000 (mL/L) 
qug) = DL 099100) x 74 (gmon) х 280 (mL) 
(8 1000 (mL/L) 


migi = 1.85g 
4- The relationship between Mole, Molecules and Atoms 


Avogadro's Number is the number of particles (molecules or atems) that û 
mole includes. Avogadro's number is shown with N, symbol. 


N = 6.023102 atoms or molecules Jmol 


The relationship between number of moles (n) and Avogadro^s number and 
number of atoms or molecules is as follows: 


Number of atoms or molecules ^ number of moles (n) = Avogadro's number 
The relationship is expressed as follows: 


No. (atoms or molecules) = n (mol) * N, (atoms or molecules/mol) 


Example - 6 Exercise- 6 
Calculate the number of atoms and molecules in 0.1 mole hydrogen gas, H.. Calculate number of atoms and 

à molecules in 0.16 moles of oxygen 
Solution: pas, О, 
We use the following relationship to calculate number of molecules: Answer: (0965 107 molecules 
Number of molecules = n (mol) x N, (molecules / mal) 1.92 ME? atoms 


= {| (mol) * 6,023 = 10° (molecules / mol) 

= 54023 x 102 molecules 
As each hydrogen molecule ts made up of 2 atoms, number of atoms: 
Number of Atoms = Number of molecules = 2 
Number of Atoms = 6.023« 10" x 2 = 12.046 = 10? atoms 
5- Logarithms 
There are two types of logarithims in mathematics. The first wpe is the luga- 
гіт to base 10, [t is also called as the common logarithm and its base 10 isn't 
written. For example, Іор, y is written as log y. This logarithm is defined as 
follows: 
logy=x > ¥= 


For example, log. 7 is written as log 7 and log, 0.05 3s written as log 0.05. 
According to log 10^ — n role, it is useful to remember integer logarithms of 
base 10: 


For positive exponents log, IW =? and log, 10'=4 ete. 
For negative exponents bog 0.0)=loe 10? and log 0,00001= log 107 етс, 


The second type of leganthm is called as natural loganthm and shown with 
In, y symbol, The value of base e is 2.718 and it is defined with the relationship 
below: 


Iny=x > y-e 
The following rules are applied to both types of logarithms: 


|. The logarithm of multiplication of two numbers i5 equal to the multiplication 
of logarithms of both numbers. 


log Z x Y = log Z + log Y 
log 5 х 6— log 5+ log 6 


Exercise -7 


Calculate the following using п cal- 


culater, 

a) log 26.7 
hi log 0.89 
€) In 93 

di In 0.02 


2. The logarithm of division of two numbers is equal to the difference between 
lozarithims of both numbers, 


log <= log Z - log Y 
ы s 
log = = log 8 - log 3 


3. The lagarithim of an exponential expressum is equal to the multiplication of 
the logarithm of number with its exponent, 


log Z= үх log Z 
log 2° = 9 х log 2 


After the summary of the common and natural logarithms and their rules, we 
will learn how to use a calculator to calculate the logarithm and antilogarithm 
af a number. 


A- To find the Logarithm of a number 
1. The Common Logarithm 


We type the number which we want to find its logarithm and press log key on 
the calculator and see the result. 


Example -7 
Calculate the following: 
aj log 7 у log 13 c) log 0.08 dj log 1.5 


Solution: 


п} First, we type 7 and then press log key. The result is shown as 0, RASRA, 
That means: 


log 7 = 034509804 

b) First, we type 13 and then press log key. The result is 1.11394335. 

çi First, we type 0.08 and then press log key. The result is — 1.09609 1001 3. 
dì First. we type 15 and then press log key. The result is 0. 176091259. 


2. Natural Logarithms (In) 

We type the number which we want to calculate its logarithm and then press 
In key. 

Example -8 

Calculate the following: 

1) In 7 hiln 13 c) In 0,08 diIn 1.5 
Solution: 

a) We type 7, and then press In key. The result is 1.94510149, 

b) We type 13, and then press In key. The result is 2.564949357. 
ci We type 0.08, and then press In key. The result is -2:525728644. 
di We type 1.5, and then press In key. The result is 0.405465 108. 


B- To find the Antilogarithm of a number using a calculator 


1. Common Logarithms 
We type the given logarithm value. Then we press 2ndF key. This key is some 
ather color (yellow, blue, etc.) instead of black, Then we press log key and get 


the number, 
Example - 9 Exercise - 8 
Find the numbers which of their logarithms are given below: Find the value of y (antilogarithm) 
a) (8450804 in the following relationships using a 
hy L.113943352 calculator. 
©) -1T.096910013 aj logy = 2-6 
di o. T7609] 250 Вору 9-12 
Solution: e)In y * 0.7 
di iny =-3.9 


a) We type 0.8450804, then press 2ndF key and log key. The result is shown 
as T. 

bj We type 1.113943352, then press 2ndF key and log key. The result is shown 
as |2.99999999 13. 

c) We type -1,096910013 then press IndF key and log key. The result is shown 
as 0,08, 

dy We type 0.176091259 then press 2ndF kev and lag key. The result is shown 
as 1.5. 

2, Natural Logarithms 


We type the given logarithm value. Then we press 2ndF key. This key is some 
other color (yellow, blue, etc.) instead of black. Then we press In key and the 
result is shown. 


Example -10 

Calculate the numbers which of their natural logarithms are given below; Attention: You can use the rela- 

a) 3.22 b}+1.78 tionship In x = 2.303 log x while 
solving questions. 

Solution: 

a) We type 3.22, and then we press 2ndF key and In kev, The result is shown 

as 25. 

hi We type -1.7% and then we press ZndF kev and In key, The result is shown 

as 0.17. 

Note: You can use the relationship In x = 2.303 log x while solving 

questions, 


BASIC EQUATIONS 


The relationship between number of moles and molar mass: 


m (g) 


n (mol) "МЛ. (ктө 


Molarity (M) 
n (mol) 


M (mol/L) — vd 


Number of atoms or molecules 


Number of atoms or molecules = n (mol) * N , (atoms or molecules/mol) 


BASIC CONCEPTS 
Malar Mass (M) 


It is the mass of | mole af compound. It is equal to the sum of multiplications of atomic masses of elements 
and their numbers in the formula of the compound. 


Molarity (M) 
Tt is the mole number of substance dissolved in 1 liter of solution. 
Avogadro's Sumber (N.) 


It is the number of atoms, ions or molecules in | mole and it is equal to 6.023x 10^ mol! value, 


THERMODYNAMICS  CHAPTER-I 


ACHIEVEMENTS 
After completing this chapter, the student is expected to : 


* Define thenmodynamics, energy, units of energy, system, environment, universe, types of systems, dynamics, 
heat, heat capacity, and specific heat concepts. Ther try to define the heat of reaction measured at constant pressure. 


* Learn what enthalpy means and its relationship with heat of reaction and also units of enthalpy. 


* Decide whether the reaction ts endothermic (heat absorbing) or exethermic (heat releasing) with respect to the 
sign of enthalpy. 


* Write the heat equation with respect to rules and tell its difference from chemical equation. 


* Differentiate standard enthalpy of reaction, standard enthalpy of formation and standard enthalpy of combustion 
concepts, 


* Leam the methods to calculate enthalpy of reaction. 

* Learn entropy and free energy concepts. 

* Define absolute entropy, standard entropy of formation and learn how to calculate Gibbs free energy. 

* Understand Gibbs free energy equation and decide the direction af reaction depending on enthalpy and entropy 


values. 


« > 


Chapter - 1 Ё а 
ї-1-РЕЕГАСЕ 


During aur studies, we have асас à Few Pepes ud с газу, For example. 
"peu erige, lectae gneiss, Meshal ers, helr илерде, nuclear energy, 
chemi energy. «ac. These diferent tepes uf eriecev are stared inside all mial- 
ter and 1hey ace released when the matter changes farm. Аар types ulen- 
егеу are Неге. a4 ype ot enemy isn't independent of another. Ur. der certain 


eundilinns, 21 dy pw ab enerpy ean be dranstormoed ite annther. 


Тїндїн is ze panel ed sc ones which radices snepysy aml us iais 
Firmar, Кам esempi e. ar spud rre Tian sfr mation af lean energy from gia- 
TUPLE ed Jue шкешт ener s hich coms the engines. Нет yriam- 
ics explains many phenomena. The mest simmficant of dhose ace: 


| The tensen nt nccurzenec at chemical reaetiam, 


2-Ezipmares the zhiinizal imil pla энг [ил у (her are mi mary aubskarzes 
andeigu unde: ceitarr vornditiurs 


3-The risen: why зант тешз occur spantaneousis w hile sure dou rier 
the sume cordibans. 


4- [Rhe reason whs the enzrasy accompanying reazlions iz zomelimes given го 
TOL Whee saraen mias p ids e asea as à gale ar rh Pee ia, 


£n rhe athe: and, ihermoulynamics pn ergste in dime fiir in which 
Teale ecu Û rly studies i a eerta rencon Cer more generally, i0 ans 
change will zeuri will occur ur nwl. The rate uf change is m the held ot kinet- 


х, 


We can generallv divide energy ime pea. One as patera energy. the oder r 
mene тш. Poremigal engres inelades ehemigal ene v arid in all sph- 
SLR GES aml Fuels, Капет energy is he edie whieh тн Нг ales, rising Wiler. 
vars. pluries, missiles grd uthiers have due te their ore Guo example. Uke 
petenti] emery 1 waler gs Unis termed 1П kinetic energy IF bs rrovenmeni 
slaris from dne tap or à kal Resulting energy cen move blades e a turbine co 
раисе сіст enciz s. Тро багс, the fies Fw nf thease: гаг he 
Ieluwing “Energy can be neither created nor destroyed, from scratch 


i 


but ean change form 
1-2-UNITS OF ENERGY AND TEMPERATURE 


ШЕШ i we Trendi ad Syston Lirics 1 SD, ae ani eerie delings chines, 
ile Gils sy mol Tiris shave as trill. 


LJ - | Keri 


kz Is kilogram. m 15 meter. » in second. 


In herd narica urr nf eriperarure is Keleir (Ks Vis unit i$ cms erred from 
venmizrade 14079 acenmding po tie Jung equation: 


Wether "ариг 


Tika - (Uy 275 
1-3-SOME THERMODYNAMICS TERMS 


Phe méstr inputan Themed inis wor gs cheimucseamic Seater his as 

à рагі of Tae universe we ure studs ani. Svslem consists ef substance or suk- 

s:anzes wich participate wn Hired physical and chemical changes willun zer- 

lamn boundaries. The area urs de (hese Ieuridaries ia called as irioundiaz-. T 
&y rem amd s sureindinges are calls) as алтаа, Here ves will use ihe rerm 

ШЕГУ 


Cluster = System + Surroundings 


We can divide sesten intu hiere accen] SPR NEG 
mL p ghe р агараар АТАШЫ Encres and mei 
and suTcoundines Vhese are: ey. xo c hrs, innert ан енш 
l-Open System . К. к 

1 SYSTEM i 


Whe Бетте allie riazter йт] erre 


interr hange between system and surround- 4" 


Wis, Sysrem 15 called as an open system. P d E 
For cxanmiple, boiling wan dn a metal A mese in 
vaine Wier ps clue igun ТЕ 'ROUHDAFR": 


rriundings as apr. Besides, heat id water 
alse teased. That means there is an interaction ef пег and #пегих. 
Hen 

1 = 
2-Closed Svstem 
J boundaries allow only cee imerchiange but doesnt change the amount 
atl marter. il o3 à closed system, 
A meradiet: we mei s ekib closed) a a goud шир; [riahis case. 
al anh hear of Мей is АЕ ласу dingh gu паша, rhe spinunt ef was 
re ma mg uhar ed 


guy eneigr ipterchunge ue -ur 
3-lsolated System 


IF swar buundaries allied r Mur energy nov manner interchange ИШЕ НЕШ 
roundinzs. rs called as an isolated system. Theres we podil exariples us 
lhe, prever heul and ampuni uf matter bein released irum sisemi 


Physical states nf matter as number ef males of substances inthe system. plivs- 
wal Variables ol svsrcm which san be lser e aad measured. xedumc, pres- 
ашт ang ере гаи: ane eal end as svecm praperies 


1-4-HEAT 


Diet is uny sat Thy Soren energy тере» imn uin daily Hys My abe har wirh 
Ly Tear is vw gavige ehangiz Leds vea let with ciem desees id 
Tp per amare Ten carus ps sa messa serae nt heat groeie [ал ir gained hoan 
кш oP ani asper ag duet pap Haad ru change in deere ur Ceri pr A= 
пиу. ИШЕТТЕК i£ БР #4 II1 [А]. 


Mas energ ered maler 


їп һар тд Г 


« > 


ж Larinic letter f © } read (zeta) 


‘Table 1-1 

Specific Heat values of some 

substances at 25 7t 

S ubstsnees Yperit Heal 
Water liquid) | 4.18 
Ethyl alcohol 
Water Ёз] 
Water (gas) 
Beryllium 
Magnesium 
AL inn 


Calcium 


[ran 
Strontium 
Silver 
Bariu 
Lead 
ТЕЛ 


Exercise 1-1 


Soe J uf lsat wis gren ne I5 
E ul magnesia cecal, The 
kn peralure stg» rare Irem 
2500 pe HS C. Calculate the 
piece hear er magnesium. 


Answer 105 ly ч 


Chapter - 1 یی‎ 
AT- t, eT 
1 
T i5 iiral temperam.re. T iz initial semperalire. The ГЫЙ ү p Балла Meni 
ane) emp rature ean Ee «rien às lle 4 
{py x AT 


In order 10 convert this ratin te an equation. AT is multiplied with a raria can- 
Hant called as hear арас ГЇ, 


yg =C AT 

Пеш. карш у is tie armourd uf heat nezessary Lu inziease tie temperature at in 
aram mg e пез пие by LL Its ann i ye Ci Heaut capacicy ss relied re 
speziliz leat {С FF with the oll ms relarinnship: 


(3) C= 3*m 


Epecirie hear ie the anran af heat necessary 40 increase dhe rempermure n | 
gian er substance by LOC Це umr is С Ûr pisat по аи ofa? im Equa 
Lien 3 anu euam S. geb ue Callus me relationship. 


q CI = 5 Gbg PC * mig) * AT СУ 


Example 1-1] 
What 15 ihe amount ab bheal inde unit necessary 15 inzrease Ihe cemperature 


МЕЧ prof piece ef iren from 3 "C m 15 707 Гарм heap or cds lg. i 
Solution: 

Change in dezrec nr bemgperatunc: 

A= eque = O 

ШЕЕ is calculated caine the follow ina equation. 

qilis cile ЛЫ Y intel) AT aE 

qil:215354//p. E 2 iO ga s m (CO = $8255 1 

The amiol uf heat consumed by piewe ul iron is calculated ils kJ: 


liki 


kik aa 
T 


liel} 


gtkl) - 25245 {ух ———— — - 35 

TODO (15 
I-5-ENTHALPY CHANGE 
Mus b the chanical totus occur ип г censtant pressure, Pwa reactions 
weer at cunstant velum Therefore: zonstant pressure 1» preferred tu Lunstani 
x ulurme while measuring heat acceormpianm ing, chemical reaction. Lnalur cen- 
Lan pressure. rhe change in heal of zeaztiuri i called as enihlpxy «al сеа ама 
i bm ir (A) anal enthalpy change rz shown ah AH. Chis value is күнд 
ber the heal ûf reaction үү rinsar pressure. ry Ра w nla 


9, 
2m shows measarec heel under sonsiunt ['Teszure. 


When a chemical reaction i consiceregc is à sy seni, enthalpi change shows i£ 
Ihe rexclium is еген hermie thear absurbingi or exok erwe (heal releasingi. ТЕ 
eribalps ob геасиинт 15 shown wich AH . ve can express the following: 


-HEAH, is lesa Шап zero (АН © Пу or (AH, = -1, the reaction is exathermic, 
-IFAH is renter than zero (АН > OQ) or {АН = +), the reaction is endathermic. 
li seems that change in enthaloy of reaction is egaal 1o the folles ing equatien: 
АП = AH (Prialueisy- ^H (Reactaurs) 

1-6-STATE FUNCTION 


Without considering (he pauli lulled), the preperts er irl which depends 
enixe difference bela een initial skate o1 system betere change aad Anal state of 
Sten atter change is culled as state function. As an esamplz for stale fume- 
r en, enrhalpy can he given. Carer a will seu other funsgvinm zs entrop, Fes 
Cobbs пе. i Fig? 1-1] 


Values Лан nr ark chanze with respect ue the commie nl experimen 
change Therein ienr сб] as л scare nerin Heat and werk is elated 
tothe park “el esed oral reps alg yange eens. Dos гара е s rgi- 
sure their state Голосу Bul the üniount ul changi 15) ol these furcuuns van 
be measured. For example. we can't measure absolute value ot enthalpy but we 
сап enly zueasure enthalpy cher. Ги: 


AH — AH,- AH, 


f тип final and ı means innial. 


The rear жыша dua 
ex ples nf Ёа = exather- 


NIL. 


Figure 1-1 


Ale Puncta depemls anl 
on ihe initial and final scares 
af he system. Ir doesn't 

depend on the path the 3¥3- 
tem follows, In tbe picture, 


The rase ir pile lied evergs uut 
Use n rs te Pen a niu rd aun cine climbs 
from base te the Hop cors not depend 


ur he ри paken. 


LL 7 20 NS LL 


I-T-GENERAL PROPERTIES OF SUBSTANCES 

General properties af substances are divided into two: 

| -Extensive Properties: 

It includes all properties related to amount of substance in the system as mass, 
volume, heat capacity, enthalpy, entropy. free energy, etc. 

2-Intensive Properties: 


It includes all properties which are independent of amount of substance m the 
system as pressure, degree of temperature, density, specific heat, ete. 


It із understood from above that enthalpy is a state function. It is an extensive 
property as й depends on amount of substance, Thus, the enthalpy change of 
2 moles of a substance is twice the enthalpy change of 1 mole of the same 
substance. 


1-8-THERMOCHEMISTRY 


Attention: Thermochemistry is the branch of science which studies energy change (ab- 
sorhed heat or evolved heat) that results from physical and chemical chang- 
When the word (Energy) es. In simpler words, thermochemistry deals with calculation of enthalpies of 
is writen at the reactant chemical reactions and physical changes. As we have mentioned before, if the 
side, the reaction will be value of AH, are negative, reaction is exothermic; if the value of AH, are posi- 
endothermic, but if it writen tive, reaction is endothermic. T we assume а reaction as a system, an exorher- 
at the product side the reaction mic reaction releases its energy from system to surroundings. This is shown in 
will be Exothermic, the following chemical reaction and physical change, 
НТ О — 2H,0,,* Energy Chemical Reaction 


HO + HO 
3 toh а 


ai 


+ Energy Physical Change 


In an endothermic reaction, system absorbs energy from surroundings. The 
following chemical reaction and physical change can be given as examples. 


2HgO,, + Energy — 2He,,+ O Chemical Reaction 
HO, + Energy — НО, Physical Change 


Hi we write the word "enerzy" beside reactants, reaction is endothermic; if we 
write it beside products, reaction is exothermic, 


p—— 
Halal CH | METTE ERES 


E xnthierrmir reaction Буу] 
releases Feeat 10 зуйн 


= surrounding 
ш т 
?Hiet Ii] 
АН; 0 AH 9 
АН - - АН = - 


I-9-MEASLURENENT OF ENTHALPY OF REACTION 


Endatrermmiz reaction Syste 
absorb energy irom 


In a chenical reactium and physical change under кииз pitas ate. an антти 


called as calorimeter 1s ased inr order i miasan Uic heal ol wachen гру of 


reacriGnwhieh is absorbed or released. lee are ane epes û] caloirimeters 


In this center. enough ameurls of substances te саст arc placed. 


A calprümeler is PLL which comas eater wh a s Denm n mosso. 

aber 15 plasei 12 a vers ast] solae corbaner. Figure 1-2 sues óme al 
valerimeters whizh measures entbaülpies ol reaction. As LTE released Feu in- 
TES He en periute of мел amd calorimeter. i£ the леп capacity and 
капыл of zalorimeter ie known. heal ean. be measured through ier: m 


тратит 


Example 1-2 


+ g of plucuse C.H, CF, sas placed inde it лд онгнинг. Then interaction 
vessel wis Fill wilh exyvenr gis. This vessel veas placed in the: pulsed 
копти. [lated алал шег was Filled oh 1200 E er water. 

тл ben perature was 2 1 ЧС. A fbr buria ther mns ture. Ше teinperature of the 
ШЕШ НЧ aridi ils content was cased be 23.5 70 ac ihe emd etie reactium. 
Calculate the ineunt uf heal released аъ a result of burning 1 nobls oc lucos 
imr Ri ma uni Шел zapacit er ue valer ime ber can be reg legle. 


{Ма euular mass ep sluice is БАН mele Spee ite heat or wader is d 21 ИГ) 


| ——— | егишошҥе!е: 


' p 
T 5 Spark-generating 
wires 


Е Watel 


| | "T Akne n nass) 


[nterna] container 
(сїнє Mater 


+—Keactunt 


| А a = ЖИ КОТ 


stirrer 


Figure 1-2 
5 


Lalorimerer s essel whichis tised La 
пейли љол рис cel РАСС 


Exercise 1-2 


When 3 g of hydrazine (М.Н) was 
bur im a calerimeter containing 
1000 2 of water, the temperature was 
raised from 24.6°C to 28.2°C. By me- 
electing the heat capacity, calculate 
the released heat from burning of 1 
mole of hydrazine in Кто umit. Molar 
mass of N.H, = 32 ртн) (Specific 
heat of water = 4.2 Je O) 


Answer: «161 knell 


Chapter - 1 


Solution: 


Difference m degrees of temperature 

AI-(l.-L)"C—U55-21)' C =45 TES 

As heat capacity of calorimeter was neglected, the amount of heat can be cal- 
culated using the following relationship, 

qiJ)— 2 (Ng."C) x m ig) х AT OC) 

q(J)— 3.2 (eC) « 1200 (р) « 4.5 (^C) = 22680 J 

As we would like to calculate the amount of released heat, this must have a 
negative sign That is equal to (-22680 J), This is the amount of heat released 
through burning 3 g of glucose. To find out the amount of heat released from 


burning of | mole of glucose, we use the following relationship between mum- 
ber of moles (n) and mass (mi. 


m (g) 3(g) 


п (mol) = ———— 2———— — — = (0,4017 mol 
el, М (g/mal) 180 (g/mal) 
Therefore, the amount of heat released from burning of | mole of glucese is: 
-22680 J 
q= —— —— --]334118 Jmol 
0.017 mol 


As this heat was measured in a calorimeter under constant pressure, 11 shows 
the enthalpy of reaction. 


AH =q, = -1334118 JV mol 


The unit of enthalpy is Viol, In onder to find out the value of enthalpy im kJ 
unit, it is converted as follows: 


(КЛ) 
1000 (J) 
HJ) 


1000 (J) 


AH(kImol) = AH(I/mol) x 


АНК то) =-1334118 (J/mol) = 


= -1334 kI/mol 
Therefore, the amount of heat which waa released through burning of 1 mole 
of glucose : -1334 kJ/mol 


1-10-THERMOCHEMICAL EQUATION 


Writing of a thermochemical equation (which defines a chemical reaction amd 
a physical change) 15 different from writing other chemical equations. The fol- 
lowing rules must be followed while writing a thermochemical equation: 


I The sign of change in enthalpy which accompanies a chemical reaction or 
a physical change must be written. The positive sign of enthalpy shows that 
reaction or change is endothermic. For example, the melting process of icc is 
shown as follows: 


HOA — HO, AH = 6 kI/mol 
That means to melt | mole af ice under 1 atm pressure and 25°C, б kJémol of 
heat is absorbed. Absorbed heat can be written along with reactants (left hand 


side of the reaction) and inserted into the thermachemical equation: 


Н.О, + 6 Кто! — H,O, 


Ifthe sign of emhalpy is negative, it shows the reaction is exothermic. The 
following reaction is an example: 


CH,,,+20,,, 4 CO,,+2H,0,, AH =-890 kJ/mol 


ШИ Tigi 


Thai means when 1 mole o£ methane gas is Burnt at 23°C and under 1 aim 
pressure, 891) Кут heat is released. Released heat can be written along with 
products if it is released during thermal reaction. Therefore, the reaction above 
сай be rewritten as follows: 


T physical change Exathermic Reaction 


AH; = +6 kJ/mol AH; = -890 kJ/mol 


Energy 


АН >й AH «0 
АН = + АН =- 


2- Physical states of reactants and products need to be written. For this purpose, 
some letters are used. These аге; s (solid), | (liquid), g (gas), aq (aqueous), The 
reason for this is that absorbed or released heat can change with physical states 
of reactants and products. The following example shows this clearly: 


Hat 40,,, + HO AH = -286 kJ/mol 


piia] & | [| 
Haa + O, 4 H,0,, АН = -242 Кто! 


4- If the reaction (chemical reaction or physical change) is written reversely, 
the sign of enthalpy of reaction changes (from negative to positive or vice 
versa). 

H0 ~ HO AH = 6 kJ/mol 


Но —+ Н.О. AH = -ë kJ/mol 


Melting of ice is endothermic 
phenomenon, whereas burning 
of methane gas is an exother- 
nue réaction 


Attention: Item 3 is one of ap- 
plications of Laplace's Law. 

For any chemical reaction or 
physical change, the amount 
of heat released is equal to 
the amount of heat absorbed, 
but with opposite signal. 


« » > 


4- IF owe sides ofthe reaction acc multiplied er divided w rh a certain cort- 
TEN. he same process need ти Ez dare with qhe salue of er bial pee 
Hcr — Н, AL = 6 Ето] 


ЗИМУ, 0 WG, АП 22 6klónel 12 Ке 


I-1323-58TANDARD ENTHALPY OF REACTION 


The value und under standard conditiunz which ars 25745. and beatin гезит 
ded as standard enthalps c£ reaction and shown with AH, symbol. hese 
cimdirions are dit erent from standard сег гале ГЕР «which is Wt" 220 | arm 
pressure while dealing wih gases. 


Ler mae a herma reaction hica ае» all properties mentioned alis e. 


EH md POL. — о, + "Н.О, AH =-=+1221 kmal 
We can read tus as Pillows: 


| mele ot hgud pertune «C.H, was Burnt will & males af oxygen cus. Az ü 
result GF che burning process, 5 mnles of carhen dioxide gas, Йй males o liquid 
Wille | apad 35235 E ed Dar sure peli ler sanalari send eps; 35747 and 
latri presang 


1-12-TVPES OF ENTHALPY 
[-12-1-Standard Enthalpy of Formation 


| he heat which is necessary labserbed or emitted 1 ro rarm | mala 3I сога pene 
fium iri zoniporznis under мапдаигп лон шп 1: tilled is star and enthilpa zt dorm ation. 
LLas shown with SII senbl. Liere. dhe most stable forms ul elements under 
standard condi lis are taken. According to this, the most stable leni et hydr- 
gen 1: cas, wheres rwereury in liquid and magnesiuri in sold farms. T hes are 
пешене ai 2550 and alm pressure cstandard cendiiansz. 


Fur example, carbon element can be гып wn ecapbite and diamod tornas. 
Laut гае i t tel stable form. Sulfur is wml nec phe forms: Гг 


sulur 45 + and азге ча та sultur (5 E. Bun аит sullur 


пинк 


tloa ичи rz 
I5 the гычы stable Torm 


According tu IUPAC system, standard enthalps of l'ermation ef 2b elements is 
egual #0 Roel in then standard Corus (lite vices stable fern af an elementi. 
AH, ' {Elementi = 0 Кто 


Thay Een in eas form is the mosi bulle. In this case. Ше Гита, relationship 
can he wrillzn. 


AL 1 LEN ИЙИ Т 


In the same manner, if graphite is more stable than diamond, the following 
relationship will be correct. 
AHF (C ны) = Û kJ/mol 


The formation equations of some substances are given below: 


H,,,+ 10,,— Hp, AH °(H,O,,) = -286 kJ/mol 

d E = л 

> Haa 20. yk 4 "à UE H п.е А AH, (HPO, = -1279 kJ/mol 
Mg, + Cl, — MgCl, АН (MgCl, „) = -642 kJ/mol 
e o a SA AH °(CO,,,.) = -394 kJ/mol 


Table 1-2 shows AH, values of some compounds. While writing thermal equa- 
tions, rational numbers are used to show formation of 1 mole of sought cam- 
pound. Therefore, we change the mole numbers of reacting substances. 

AH, is the enthalpy of | mole of compound by taking most stable forms of 
elements under standard conditions. But АН, standard heat of reaction of any 
compound might not be equal to AH, standard enthalpy of formation. For ex- 
ample, AH, of the following reaction is equal to -72 KJ. 


H,,,+ Bry, 2HBr, АН? =-72 0 


If we consider this equation, 2 moles of HBr was formed at the end of the reac- 
tion. Therefore, the half of this heat -36 kJ is the heat released when | mole of 
HBr is formed from its mest stable elements. The standard enthalpy of forma- 
tion of НВг compound is as follows: 


AH °(HBr}= 5 AH? = 232 kJ/mol = -36 kI/mal 


This is obtained hy dividing the both sides of equation by twa. 


,H 5 Br — HBr y 


ag p^ Mul 
Example 1-3 


As the standard enthalpy of formation of benzene AHAC H F 49 kJ/mol, 
write down the thermochemical equation to make AH” = AH CH.) 
Solution: 

| mole of (C, H,) must be formed from the most stable form of its elements at 
25°С and | atm pressure. 


6C, satiny * ЭН —* C,H, АН? АН (С,Н,) = 49 kJ/mol 


Tgrughans] hoc dM 


Table 1-2 
Standard Enthalpies forma- 
tion af Some compounds 


Compound 


akj! mol, 


AH; 


C CÁiapter-1 = 


Exercise 1-3 Example 1-4 
Ag апаш enthalpy of Гота и: Which of ine Mlle i, rearnnas has a халдаг emhalpy of reaction. AH, 
AH af sulfuric acid TASS н whieh is ил wa standard thal o foernation ATI, o7 Ferre] irr perat ? 
{AIA l.l mot write dos n the ther- 
тизе тел! eq uarion Ere make lids I MI Т. all- -62E hl 
A =A a oD MIA - 384A] 

SIE. cs | СЯ, AILS - 285k] 


Exercise 1-4 solution: 
Reaction 15 Standard enthalpy of pacion ian С egual rn dar dad спа ot 


As standard enrhalpy of frirriá- З 3 : Е cp Ё 
Tan moanien of Ге Л compeund. hezause 2 moles apsusstaneec avec boon farmadl 


uur of hydrogen Muride cH E15 


AH IE: 7-271 kemol. at the end. 

valzulate slancard enthalpy eT Reaction 2: standard enthalps ul reaction of Ct, cunmpound is equal 1o its 
reserión. SPP ar Tc folles ina siandard enthalps a£ formation. Because L mnle at CO. has been farraed from 
peau the masl sable form nt as М 


T EF SUP 
Rengan 3: AA, isnt equal po АН CC. because rhe pacing apart in the 
Answer: 542 kJ mos! А1 form 


Abiswer: [& TEA On 1 


|-12-2-Standard Enthalpy of Combustion 

Combustion reaztinns include reactions of sumstanzes uelsi with oss zen. In 
binleeical ss stems. fond is accepted as ducl. When bands decomposed Een- 
busted in hoda, exibcdis dites arg Папи po кгр рыш One or dic 
шн of heating houses ei cook iez te via eonibustium od bake eas. Cure 
bustin of | mnle of hulaae eas yields -0 РА kJ of enero accanding Hi the 
follows ит equation: 

А pn me : 

El 0t Sh o EU ISI ALLS 7 22873 Кето 


ydus urs run їй comoustirin ol Eline in heit пите. блнп p usual 
Елза. as actaae (8. „1. Аз a result of curibustion ef 1 mole ut octane. 5471 
kl nl'enerav as released, 

as 

21 er 2 = " 
CAE 1 а СО 1 AH; -3471 knl 


Ап example af апт reactions as Fac macion seien hi droger 
and usszen 


Hoc 10, — HÀ, AMI 7-236 Emil 
1 "ul кол, 


m 


C алуа of ейте supplies enger p «race shirt es 

Standard enkilps of combustion s shown with All у-н, Sidar cum 
bustin iz Cefined as бъ heal relensed through combustion at 1 mole ar any 
мылдап under standard: zandirions 42570 4empieratire. Jadre presse. dn 
Takie 1-5, standard embalps edeoambhiisrinnm values dar sore himen am? Cnm- 
pauimds aie shown 


LEhemenls vues ane formed frm combustion. of. «lenem wilh oxysen. 
Тлар combustion nf arganie suhsiamzes. carbon dioxide gas, liquid water 
and heat is released. For example; сїн nr йаг, (OA CF pin [па 
supplies ceases cens dor зру реА for тап uf Dorh. 
CH, C, Fa BUCO. + 6Н AH =- -2808 Етпен 

] = E ' 


Phe imm conditi 11 mae same that Salar) realty af ойи All, it- 
come equal lo standard enthalpy o1 combustion XH ^as zcombusueon ol | male 
at substance with ennumi oxygen. Most of eombustion reactions are 
хае nie rgavrigns 

Example 1-5 

Wri down che chemjzsal амр or coburn of ры edis alenhnl 
[EA OH} using rae felling dam AH OC H ИН j = (dr КЛ 


Solution: 
|o eld ТА k] rabat heat, V mele o liquid esl abot £M] Col Ee ae cure 
busted with enough 02, 
CHOH , + 30, چ‎ 200, - ЭНИ, 
AH; CC Н ОН | 2 7 -0367 kf mol 


1-12-3-Enthalpy of Physical Changes 
Маногаѕ in û 2, cle af chaning stakes. The process nr Теа пе питал from In]- 


udo ваз forni i5 called as vaporizatiuni Fc hz necessa For vazurazarun et 


| rule ed aure substance ds called as аар o£ vipor ical W is sheen wii 
АН кутпе. Lor esample. Û mule uf Куры water absurbs 23 kl or peat while 
transtarmed uma waler «apnr. The equation tor Loo reaction 15 ain below: 


н, ^арчи 


Hil AH, = 44 тн 
Сан лр 
| he opposite uf їз reaction Cru is dc transformation uf waer vapur p Hand 
waler is culled as опешил. Ihe sebol of extlialpe of comdlensatiur. ts 
АН As vnperieation re dhe reverse of comdensation. the valve ed AH vee, I Ue 
кате ах 311, and wih an opposide sign 
ы 
Crider satin 


no = DO, АН = kEmol 


Cre athe physical euanges is the transeo malum of substan): from. solid 10 
диш. | has 2s called as Гоха. The heal necessary be ransom | mole af solid 
subs Lance po Hund is called as enthalpe ul fusion and shown wih АН... 
For example, the process ot tramsfarinadian of E male nl ice ro walter occurs 
саць аперип effi «J mol hear. 

йиз " . 
Н —— HH? АН Ет 
The upposie uf fusión is сгүзїа ыл Ile erthalpe o£ vrssiallieatión gs 
siuw wth Abb, кут]. Iransloruation ef | mule of water from ligul tu 
solid is shew in rhe Муг eguntion. 


Table 1-3 Standard enthalpy ad 
vambustion «alues Al fui seme 


thangs and e туки 


Substances — KJ/ mol 


CHO 5644 
CH IET [| i -547 1 
CHO, m -2808 
С.Н, -2219 
CH,, " —891 
e он -394 
H, -286 
C,H.OH, 1367 
c Н, г: 1411 
s rhamhic ; -298 
МН, -383 


Exercise 1-5 

As MIU TY - 227% Kl. mal. 
write dawn the emr buson pegz- 
ian af propane gas 44 1. 


eresiallization liq 
Ho ———— HO, AH > -ë паи 
Asa anergy uve Dat s me ianed aliwe can Fe Hem in qhe Follies ie E relia- 
ШИШЕ 


-All and Al, -Al‏ ,الث 


ERI pusl 


The sign ef enhal[ics cr viapnrizainn and Asian is рч, In oher wards, 
Fia rs arse пей tenidithiermie Fur ehize These reach lle sin of ect tia lp 
"ws uf condensation and erystallieatiori vi regat «e. Tha means enl Fs released 
Fexelhermic durae these reactiens 


Exercise 1-6 Example 1-6 


mE " ET gn ре PF navan rif lir] ml arf is A Emu, ww Far s uae via ч 
Ax шга e fusion o7 soll . И 


JU acid. Н COMA ijs 5 11 
лги, calculate ghe eniliadpe of 
ers Н ЛШ o thes acid 


Готар of zondunzatiun? 


Solution: 
The vaponzaihor equadion ob amena 18 ag Ev dons 


Answer: -5.: ] k. nul 


ушр 


чн. NH. AH 723 еттим 


Dr лу. 


AS Cone sas reverse of част: 
zona. 


YH — MH,, 


AIL, -A - 23 mel 
l-13- METHODS OF CALCULATING STANDARD 
ENTHALPY OF REACTION 


|-13- 1-Hess's Law 

Th tan’) possible qo errr seine огриши tuin their elements directly. 2e- 
cause either the reacttan uceurs so slew Is er some mive amed side produits are 
formed. Therefore, the values of Hoot duis kind o? rezctinas are messed 
ий Не This racthed depends on Hess's J am . According What Fass. 

the lal enthalpy ef chemical eicito is the sume whelber 

the reactia is male up m ane ar several steps cual the sum of 
eembalpies of uuermiediale геа нка). 


In oher a ords, if e can divide Ihe tea lini win ; series ot reactions, the sue 
ul AH, AT the mir. reactaon ean Ie calculated. Ватац AH, depends on rhe 
"пиа aril final states ist the syster. Fr alae t de pend ил ite uh hg reaction 
[ош s. [less s Ere ia salar ba the da Eon ul ап LL abr ir an ара гапи 
bunting trem the 17" floor tu dhe 67 Йес eilher directis or stoppinuw ad each 
Henr The result is the same i hith statine. 

Yer exarple, in the reaction «oT earen rgraphitzt and ox v22n amd ermina giz- 
bon riri, rez rele Diar an лг Пасад directly. 


C + 0... СО, АҢ: -7 


{y рент 


The reason is that the formation of CO, can't be prevented. But the heat re- 
leased during fall combustion of carbon (graphite) with oxygen and the heat re- 
leased during combustion of CO and forming CO, can be calculated as shown 
in the following equations. 


I) Сна ti Ou = CO o AH = -393,5 kJ/mol 


2)CO,,+ 10, СО, 2 = .283 kJ/mol 


The formation of CO from graphite C and O, doesn’t contain CO,, Therefore, 
we need to eliminate CO. For this, we can reverse Equation 2. 


3) CO,,, — CO, + 10 


"ixi 2 CM 


AH ^ = 283 kJ/mol 


As chemical equations and values of enthalpies can be summed just as algebra- 
ic equations, we can get the following by summing {1} and (3) 


С t Ong) CO AH ° = -393.5 kJ/mol 
I CO, — CO, + $0, AH? = +283 kJ/mol 
Cat $0454 СО AH? = -110.5 kJ/mol 


This equation is the same as the reaction equation between С, and О, 
whose AH value is wanted, That means this reaction occurs along with | 10.5 
kmol of heat release. Figure 1-3 shows what has been told above. 


Example 1-7 
Calculate standard enthalpy of formation of main elements of CS, compound 
from its most stable forms, 


C noti * oui СЗ АН (СБ) =? kJ/mol 


Thermal equations and values of enthalpies are given below, 


1) E vow е on ни СО, 3 = .304 Кто 
2) S ины i Um Жез SO. o : is = -296 kI'mol 
3) CS at 30, СО, +250, AH = -1072 kJ/mol 
Solution: 


If we examine the equation which we want to find out the value of 
AH (CS, k CS. in is on the products' side. But in Equation 3 it is on the reac- 
tants” side, Therefore, we reverse Equation 3. 


4)C0,,280,, — С8, 30, AH? =+ 1072 kJ/mol 


The equation in which the value of AH, (CS. ) is wanted, it contains 2 moles of 
S. Therefore, we need to multiply Eq. 2 by 2. 
5) 25 + 20, = 280 AH? =2 х -296 kJ/mol = -592 kJ 


Irma j aig! 


Cüraptu ie) + Osta) 


Figure 1-3 


We can divide the enthalpy of farma- 
tion reaction of | mole of CO from 
the reaction between Сша and О, 
(gas) into two according to Hess 


Law, 


Exercise 1-7 


Valeur ate ie standard enchalp ar 
errr ed the reaction irm which 
avet, ome 4L T is tonaal from 
ns macn elements. 

DU aeuo Hia tHe: 


AIL? aC als bJ 


The Inllowin thermal equalians ane 


LEN 
мп 


Irc IET 


pup oru 
AHS 2-304 kJ mnl 


ИТЕ 


аа! d ШО. 


ind 
41. - -185 ki rul 


ЛЬ AN ЖИЕ bh. 
AUC Myo SH) 


AL? —-22989 EI mol 


Answer: 724 5 Калу 


Exercise 1-8 


When benrserne iC ll Yis bumil in air. 
n yields varbon dioxide pas and lipid 
м асг. Caleulaze the AH ? value ol ras 
reaclinm according 10 rhe Inl ing. 


AMT (CUL, = 9 Кп], 
AM? CUO, у= 2394 Кт, 
AI? CELO, g = -286 ли, 


Answer: -XY7| kewl 


LLL Chapter — — JU 


IP we add Fgialii d and $ wilh Equation ' : 
BIS E ea. AH 2-394 klana 


apr 
4) CEF T 250. "n CS ESO AHS = — 1022 klóm 
5j 2m + — MOS AH? 2-592 klano 


"remar d 


1 
[LES 


C 4I —(С% AH CS, =" kl nol 


“diaper Corm | TOTUM E 


This ecuation 12 Mac seme as nhe equation which we «ant be find out ihe wal 
WAH Cs Thezefore: 


AH, LCS, E 7-304 KI = 1032 kd 44-592 1) = 88 ЫЈ 
|-13-2-Using The Values of Standard Enthalpy of Formation 


ln order 10 calculate ГАН I enihalgis гасит. Wie AH, salices ob com pau ads 
viii bx usc 


aA | bB > gL | hH 
We use dhe polus ms telahutship te calcule ihe AH, value il this reactium. 
AH” = An All (Products) - £ n ABC ( Reactants) 


rp 18 riurri bier К ИКТЕ КЕДЕ procduzis E reang total, [he савд атл 
uf AH "salue af che thermal reaction abas van be dur e as follis s: 


ALL” = [gl et hl, (Hy - рал (A) + АН BY] 


Hus мш мар wal] pane apejo ps ran ho enrhadps oU e ium AH, up ue 
ires; єл са fone af am: elermenr i5 equal du zen As тәпи Ecfurv. 


AH, (Elerent) — WRC rial 
Example 1-8 


The reaction ol аңгы al irean [Hl aside campers accurs as allows: 


ЗАГ = Pe, ALO, + u, AIL = 2h) 


(аси fie srandaid eerhalpy o£ reacimn ismp hg Fillers ig. 
AH; (ALG, = “1870 Кри! 


АН: (Fedo = -R21 kKrnol 


Solution: 


The Fe loea ing can be water using the гап: abo 


AH, = £nAH,iPruluctsi - £n MH (Reactanitst 


AH; =[AH, (ALO,..) + 2AH; (Ее, )] - BAH (AL) *AH; (Feo, 7 


Ne | 
AH (AL = O because the most stable form of aluminum is the solid form. Sporntane 
However, under standard conditions, iron is in solid form, ч 
Therefore, АН, (Fe. is zero. 


= 
ous Process ~~ 


AH, = [(-1670) +2 (0k mol - [2 (0) + (-822)]kJ/mol 


= -848 К.т 
1-14-SPONTANEOUS PROCESSES 


These are physical and chemical reactions occurring by themselves without 
any outside factor under certain conditions, The reactions occurring autona- 
mously at a certain temperature, pressure or concentration are called as spon- 
taneous reactions, 

The following can be given as examples for physical and chemical sponta- < Spontaneous and Non- Sponta- 
тимиш processes, neous Processes 

-Water drops from а fall downward but the opposite is impossible. 

-Flow of heat from a hot object to a cold one, the opposite doesn't occur, 
-Lump of sugar dissolves: in coffee spontaneously, but dissolved sugar can't 
solidity by itself. 

-Freezing of water at (^C spontaneously, melting of ice at (^C and 1 atm. 


-Rusting of iron spontaneously when objected to oxygen and moisture; but hiraet 
rust af iron can't transform into iron. ovat 

-While a piece of Na forms NaOH and hydrogen by reacting with water, Н, | 

and NaOH can't form water and sedium by reacting. ate, У 
-While gas in а vacuumed container expands spontaneously. pas molecules et at’, eram sheet t. 
can't accumulate in a container spontaneously, Figure 1-4 a eet ax 
As seen in these examples, while some processes occur spontancously in a VE TT 

direction, they can't occur spontaneously in the opposite direction. "EN 

Why do same processes occur spontaneously’? 
One of the most suitable answers which can he given for this question is that Ie. ra ENE ТИН E E 
along, with spontaneous processes, a decrease occurs in the energy of all sys- dei 3 "^ 
tem (less energy means more stability). In other words, final energy of svetem JL ] 
is less than the initial energy. This cose explains the fact that heat flows from а { 
hot object Lo a cold one and water drops {rom top of a fall. 


Most reactions which cause decrease in energy are exothermic reactions. For 
example, combustion of methane under standard conditions: 
CH, ^ 20,,, СО, + 2Н,0,, [^ — -890 kJ 
Acid-Base Neutralization Reactions: 
H* + OH, = Н.О, АН? =-56 kJ T 1 

us) en im f A) Self- Expansion of gas in a vacu- 
With respect to given examples, ean it be said that spontaneous processes ше med container 


EE p i i actiona? 1 
always exothermic reaction B) All gas Molecules can not accu- 


Answer: mulate in a container. 
It isn’t possible to generalize this hypothesis for à very simple reason, because | 

there are some spontaneous physical and chemical changes despite being en- Figure 1-4 
dothermic. 


« 30 >» 


Chapter - 1 


For example: 
Eussolutien er 3mmaoniuim chloride iS HET n waeris anendothermic proccss 
And il accus spnrtangpusly 


NIC, КН CE. 


All: = 14 

сч pos tien ot etela aig IIH occurs 3pentaneously and IF iz endàa- 
eni, 

ЭНЕ, — Hz = Г АН - 9I kl 

Melina af ies is an егег piex ess har aces апага есуу 


AH. = hk mal 


H3 E س‎ H4 hu 


ape eaten ud venden as ad ао еги: process and i is spontaneous. 


Мт!‏ 44 = ااك 


HO, ———- IO, 


With respect ro excunples abo e, we cam say thal sn endoecherric process can 
ho soa пейш. Bur «ec ean generalac dhs statement. heeause ciere arc miny 
reacts desee being cndathizunig they dan tace spnnlangeusly 

In arher acids. we cni decide iF a гейш accus speanmanenasty Ги ant hy ру 
Iob re ad it beire erdarhairniz ei exarhieuniz Te decule ifie, ve nem] 3 rew 
therriodyniamie function ca ded az enirops. 


1-15-ES TROP 


Гу is a Hermedgnamie Heina which is defined as a measure ob the 
vandommness or irregulariny ot iL stem Bis symbole £83. The alisarder in 
all ieactiens we ве r sporitinersus er l-is called as eneun. 


H shines ro hich кал the disende uf sv«1em lias reached As the disorder 
ices in The syster., Wie value uf enaps mises As Le ss эшти Беги 
nurs ordered disorder des regses j the salue of entropy alr s. 

Potiepy is à herds: Pieter which Ту si a ce enia py and irs only 
charge cn entiopy ean be measured. 

AS -8,- S 

Here, S. is final entropa aid 5. is [ei flail CALEY, 

In all spondarenus reiclors aral physical processes. disorder ainzneases. For 
example, iumpiontum. chleride dissoh es in waler spoanteneously. 

SHO a BH, a Slag АН“ -—|4kl 

[r has ches furan тей пп, yz salt decem FREES vo i inis. These inns ate гилге 
лате ghan amminnian chloride molecules. When ЕКШЕ агег 1 Apri AE, 
Сарп ma Elgg hegne mere disnideied chan In uid ss ale: malecules. Haud 
Walter rmalecules аге alan rare daszudered than іле molecules. Generals, the 
Entry OF aas Slade is always hege than rhe enpe nf liquid ste. The en 
irap н qual stie das a zie. value ран Hye enop of soli] stas Fie 1-3 
The increase in the carote of aysien gegara with an increase i distri Rail af 


cheney А chage in physical states of the svsrem changes На enirn ду. 


т Thermodynamics — 


In solid state, molecules are ordered and closely packed. When fusion starts, 
these atoms or molecules start moving and they get out of crystal lattice and 
disorder increases. Thus, a shift from order to disorder occurs. As a result, 
entropy increases too. Similarly, entropy of system increases in vaporization. 


This increase 1s greater than that of melting process, The reason is that atoms 
and molecules in рая state distribute more to fill all the space they are inside. 
Frequently entropy increases in reactions occurring in solutions, For example, 
when sugar crystals are dissolved in water, the ordered structure of sugar is dis- 
rupted. Therefore, disorder of solution is greater than that of pure solvent and 
pure solute, When an ionic solid as sodium chloride is dissolved, the increase 
in entropy depends on two factors. These are: 

A- Preparation of solution (Mixing solute and solvent) 

B- Ionization of solid compound 

Heating mereases entropy of system. Because heating does oom only increase 
displacement motion of molecules but also Increases rotational motion and vi- 
bration. Besides, with temperature increase, all energy types which depend oa 
molecular motion also increase. Therefore, heating increases disorder of sys- 
tem and its entropy. 


AS. * AS Аб, 


——— 0 9,4 


Solid 


Entropy of gases ts greater than 
that af liquids. Similarly, entro- 
py of liquids is greater than that 
af solid substance. 


Figure 1-5 


Fusion of a shid substance i 
— г 
c 


чега Liq + 


Vaporization of Liquid Substance © d 


se — sio 


Liquid (535 
Solvent 6,950 
ü o vp 0 
og F Шекп ola sore oo "o وش‎ 
co o оороо ШЕЕ go" o9. с Pilg 
0009000009 vc 29.56 E 
2.0000000 О" > оо оеро ое 
еге 9990069 99. 090-6 
сосе Gogg © есе ез 9 
Gpo“ Gogo egt 9 
Solid Solr 
Heating substance 
T temperature 
to T, temperature 
Snme igacr ons an which eni rps 
игй зи 5, a 
Figure 1-6 
A Буте al T, А Serhan al cY, > T, TE 
Exercise 1-9 Example 1-9 
Hore du the entropies et the tel- Furie: Tol vu img рде мд. ГАП; i change in Rup 1551 is лган] ol 
kawing systems chang! smaller daa zetu 
A- (“аге вас іи or water «apor Ае Freezing of ethsl alcohol 
Be Feu mann rf supar gesala in D- Sipioriz;rtion of liquid hriruine 


supiersatura sed Миси . f . | 
L- Disselucen erplucnse um mater 


C- Penina JL gas Irem. 200 ш . x | | ES 
Mun De аппа ol nilraaza gas fram SIC 1n МЧ 


D- Sublimation af sald rodine Solution: 


A= Ег гар means ransdarmarnien oF rid els aleahnl ta solid ЧЇ aleo- 
lol. As пае are more ordered) im sold ihan ий, change m егер 158 
smaller taa леги (A5 UT. 


B- S he be Typ bromide te Iran sored bo hronide vapar, He disorder of mil- 
ecules increases. I hererere. change in @ггпр t greater than zero (A5 7j. 


C- Hecause solid Eluesse molecules distribue in mater. disorder ipereases. 
l'hat means change in enaps 12 greater han zero Vs =). 


D- C nolinz ed mrrigen gas fiam EDU we DIC. rdeergeases disme od Гг Т] 
nielerules. ^s à result, entrupy idlevrease s and c ange entrap rs Smaller tan 
feng АЗ Пп, 

1-15-1-Caleulation of Standard Entropy in Chemical Reac- 
tions 

Г тту мати» аи л И и ep salue ep standard eniremv iht ir all 
ерии elemen and cuanounds. Lamig this value. se van mieasure change 


ul чаап! enireq ut reazibua (8873 Ina Ета reactiun, We use Ihe hel- 
лел relaunnship for tis: 


Î = пм Products) - X n S iWeactants) 
n ineans number ol moles of reactints and products, X meens imal 
Fri ilie tilling zeneral chemical reagia’ 
ца — hk —— gi + hH 
| he s hange татат emire of his easier Аб Sar be rien sing the 


relic hip abus e as elles: 
AS = [oS Gre BID] -fa NEA) + ST] 


Lab [24 уйн» scandapd city walas fuir eene дщ amd hogr itl 
omens Aena 1 ure лгал Yer ПТ ыга unl ef entropy ds 
J- Kiel. 


Example 1-10 

Ca culate change af standard emiren nf reacin АЕ 7) nf he bolle rex- 
linn ab 237€ and | atm standard ceniminns. 

"Сп! кй... 

Soy = 198 PER лнн, et р = 21 UK. mal. 

SUO = 305 ER mol 


Solution: 
AX = Eon А (Premducish- E n S(Eguctmis] 


AS" - [28 (CO V| - (28 (COR S 10.3] 


v = [У 214 VFR mol] - 2198 - 205) Il R.mol] 


Ys -7-173JK.mel 


I-6-GIBBS5 FREE ENERGY 


[n EO, а seeni named Cul qleysliped à relarunship beta eer ee thalpy 
Пл anal егор 1891 | his relationship erraliles us tu езе whether a realen 
uccurs spuntaneeusIy or nat simpder than rely ir Um цкі erthalpe er 
entro salis separzalels. Lihtsa proposed a new неги ийе шт Melon 
wach is culled as "Gibbs free energy.’ 


Table 1-4 
srané ard vim epe values for 
sure elementis anc cumpaunds 


Байан к eK mui) 


HO, Я) 
но, 189 
Br, 152 
Pe 27 
фзта4 | 2 
E raphe, ñ 
CH, 186 
CH, а. 230 
Ag. 43 
Fa б; 
in 205 
Cl. 223 
co, 1 214 
Fe О " ат 
tH, 201 
CH, . БЕП 


Cus LT] бй 


Exercise 1-10 


Calculate chance uf standard enteu- 
p ed rector ДМ Tar Uie Mil- 
Lewin resection at 2576; anıl ] atin 
Aline спас. 


Fe — 305, — 2Fe E, 
According tn; 

S Ee S. 2 27 LE. mal, 
S] = I Кт, 
S" Fe) 7 27 FE mnl 
Answer: 549 FK mal 


« » > 


Table 1-5 
Values af Standard Free Gibbs 
Energy of Formation Of some 
Compounds 


AG 
(kJ / mol; Substance 
173 CHa 
-300 SO, 
-137 CO, 
-394 CO, 
87 NO " 
52 NO, , 
-348 NaCl 
-95 HCl 
-53 HBr 
-51 CH, , 
-33 C,H, 
68 CH, 
-1576 ALO, 
-741 Fe,O, 
-110 AgCl 
-318 ZnO 
-229 HO, 
-237 HO, 
-271 HF, 
2 HI. 
-33 HS, 
-17 МН, 
-604 СаО 


Chapte 


The symbol of this function is G. It defines the maximum energy which can be 
abtained from measurement of AH and AS at constant temperature and pres- 
sure. Change in Gibbs free energy AG is defined as Fallos: 


(at constant temperature and pressure) AG = AH - TAS 


Free Gibbs Energy (sometimes called as free energy for ease) 15 a function just 
like enthalpy and entropy. lt is a real function which shows if physical changes 
or chemical reactions occur spontaneously or not. The sign of Gibbs Free En- 
ergy is commented as follows; 


-If value of AG is negative (AGA). reaction or physical change occurs spon- 
tancousiy. 


-|f value of AG 15 positive (AG > M, reaction or physical change doesn't occur 
spontaneously (the change or reaction occurs spontaneously at opposite direc- 
tion). 


-If value of AG is zero (AG = 0), reaction or physical change is at equilibrium. 


1-16-1-Standard Gibbs Free Energy of Reaction 

Standard Gibbs Free Energy of Reaction which is shown with AG ^ symbol is 
the change in value of free energy if a reaction occurs under standard condi- 
tions (25°C temperature and | atm pressure}. In order to calculate AG” for any 
reaction, values of Standard Gibbs Free Energy of Formation AG,” are used. 
Standard Gibbs Free Energy of Formation is the amount of change in free en- 
ergy when | mole of any compound is formed from most stable forms of its 
elements under standard conditions (25°C temperature and | айп pressure. } 

It is possible to calculate value of AGS by a similar equation to standard en- 
thalpy of reaction from standard enthalpy of formation values. Iris as follows: 

AGS = Xn AG? (Products) - X n AG’ (Reactants) 


nis number of moles of reactants and products and © 15 total, 
For the following general reaction: 


aA + bB —» pG + hH 
The change of standard free Gibbs energy of this reaction 18 as follows; 

AG, =g AG, (б) + h AG; (H)] -la AG, (A) * b AG, {В)| 
Table 1-5 shows values of standard free Gibbs energy of formation of some 


compounds. Here what needs attention is that AG” values of most stable forms 
af elements are equal to zero. 


AG? (Element) = 0 kJ/mol 


Unit of standard free energy is (Jmol) aceording to International System of 
Li wits. 


(. ..,1ns Thermodynamics — — —  ) 


Example 1-11 Exercise: 1-11 
Calculate siandard 1ree Gibbs ener of the tollowing rezctien under. standard : . 
enmidiions, 237€7 and 1 атга pressure. Also tell ifthe reacting. песигх speal- Calculate standerd Gibbs free gner- 
кх of The иеле reaction under 

зш пешг conditions, 22°C and | aun 


pressure. Also tell if the reactian 


шли ү am net under Wiese биги лп. 
n ET 5 . 
2b Hs [SER uem eS жен, 


биыл» urcuzs spunlàneously or nel under 
SOC H d — 173 kmal, AC PTET u, — -àu4 kamal ШЫ conditions. | 
AUTH} = -3Y? Егин IM. | Ch, PANU: 

diens: 

AG PM) 7 87 kael, 
Solution: Ai I] ST kl ml 


AC = Zu A Produces) - E nO. (Ezactants] 
Answer = -?0 KJ. med 


A = зд [CUI BAG. THAD] -[2AG, H+ 18 AG, ГО] S perane 
Аб = [02 * (14 kenul) * fw (Y? Катин 7] 

-[2 4 I? kmol- 15 0] 
AU ¬ HOH kl 


Эу the result in neparivz, the reicinn occurs spon Kintu uyli. 


1-16-2-Application of Gibbs Equation and Direction of 
Chemical Reactions 


(Шр equation’ is пасри ах л vere impiaranm соаг en which спа us n 
Umile агы poeperies atf chemical reactions. [he eguiu is alsu related mi 
changes “which occurs in praperties of system. 


Aki AH - T AS 


Because sing ALi values Sees us [root eleulation ef ehanees in enthalpy 
and entropy. According to Cibbs euaaliua. charge in tree entrar {Аг in- 
cludes ro imperant Factors wich anecr d a chemical rezctian com nccur 
Spi racers 1 Lil me. 


First Factor: 


Келши aly мал loads Hie diechu with che lose sb ener. renthal- 
FY aloe ol abb us negatur e, in ether wards exothermic. the possibilite af 
sponianecus eccurrence ab reaction inzreases. 


Second Factar 


Roaches imm e eam oon and s rie ud neerinn ws nh rhe iehiga graps. 17» al 
ue ef A5 is poesie raf diserdeir inzieases]. rhe possibilis 27 spuntaneous ec- 
vuzrence of тешип increas, Positive value of Ah causes value al AC beixe 
пеле, 


IE See pl аш lempus, (ere гїп Te а relannnship as Tolles s borween 
Datu Fazlars rie aural а Боа, Tur à realan deur spernzaneeuslv LALI 7 P anal 
Ass 5h 


Cenerale, ^H and ^5 куган айе valies or Ci in d ws 


IJF AH and A5 have рохе values. when VAS ix beas Ln AH, AC will 
Ie: negans This condition occurs when T is high. 


2-|* 3H i> pest ra rand AS 15 nigga p v, value ap Ati sal] Es abs ats ques 
indepen derit of the elert ol enpera T. 


3-10 value ol AH is reciratixe and AS is pusing. value of Ati will be negative 
independent of the eHect of lerperature T. 


4-]7 bath values a7 AH and AS are negli) and ir value of TAS i5 leas than 
AH, value eT. Si we d hse negating This condition esas only when T is we 


The temperate which gauses regat ve A values rw Situation Iarl 2 de- 
perde en real valines ol AH amd at af vestem. Table 1-5 sumniariees possihle 
“Пеш defined below. 


Table 1-6 Factors effecting on sign of AG in AG=AH-TAS 


fH ПШ AG Exainple 

ái А Heet en ЕЕЕ at high rem pera 
lupe [zu рта eias] y in Lhar puse e 
Айтен ad lowe Lem perature s ZHU —e2Hg, 0, 

* 7 AM ie always celis g. Reactor dues nat ро 
+ ык ac all rerzapieratuze. ииге 3port- 
тее in oppose dures liven. $0, 20, e, 

+ . 

AU Is alas negative, Reaction ас г. sin- 
neously at all temperature. РН. , — Н, X " 


Hear Een ноа а spread cous. al Ene demperi- 
Гел. Tage ees крип in nappes. dire: 
han at high. Temperature 


NH,, «HCl, —. НСІ, 


[пег landed eend 28 € ane [aum pressie. s hen АН аг AS ài 
measured. Gibb: exquatiun «arn ae used as Го: 


AG! AH" - TAS" 


Example 1-12 


Explain tbe following starii Eram Gibbs equation. Exercise-1-12 


&elr-dissalutian nf sulfar dixide mas in water with releasing heat. Explain the Following sla rın 


fram Ciblis equatinn. 


Solution: Non -decampositian nf 


Dissoiving (dissolution) process of sullur diov is an exotherme water ns elemenitinder 


process (releasing heat an that AH = (-& has a negative value. tandari ndis 


Dissaintion process al thy gas accompanying with decreasing in 
the enbropy (ransomed Grom disorder bo order) 


su that. AS — 6-2 has а negative value. 


From the equation 

Altı = AH TAS 

AG? = [-AH) - CT AS) 
AG =-4H+T AS 
АС 


[-} as LES process i5 spontaneous. 


AE the low ûr narmal tempertüres, the value ot AH is preter 
than TAS se AC [ - 5, and dissolving spontaneous, 
That mean the enthalpy is the determining Lactor fur the 


spantancity of thik process. 


Exercise-1-13 


Ашир the salue al S os ches 
[ed Tune ги reaction arder Sar Jarl cone 
eii iens, 22747 ama] | atar pressure 


Cf SO. — COL BIL, 


[ище шага] carlitos. the value 
el enihialo er reaction ATL? wis val- 
шше and е Tollos pgs result wirs 
Кат] 

ALIS -3516 Атпа 


Besides, A” aes va en Fred angl ГЕ 
Fally ing result veas ohti ried 
АЗ" — Ma Y ттн 


Answer -3647,5 KJ. mal 


Attention: 


While so sing thas kind af questions, 
we Shrub’ forges chal anita af ATT 


aid ASS are Libe sanie There ling, we 


пек to coriver umm eb eniro eurr 
ГЕ mel to enthalpy unit KJ. k mol. 


Example 1-13 
According Ln che tolong data. 


CILON - 30, 200, 1300. 


al Ет |! 


Calculate the иели sales dor tis reactive under standard ыб. 
AJAH? 
Bass 
CALF 


Solution: 
AJ Calculate ot AH 
ME En ll, (Preqluctsy- X n Al] (Reacrant 


A, [2 AH (COSE ЗАН LOY А (СОП ЗАН. 1] 
ME = [2 = C394 Јао 1 3 7 (7286 Като] - [-278 КАР 3 » t| 
ME -1368 mal 


шоп of AX? 

Veo En (Producish- 2 on (Reactants] 

ê [28 4CO 4 JS ULG] - [STECLULOID 38 IO] 

WO 2e214JK mol 3 S780 Knol] - (161 FKanol 1 3 х 208 Kancl] 
ъа = «138 FK nal 


| А {ЕЛ 

‚Ме IEEK. ane) А5 СЕ real)» ——— 
' Шш 
| | ИЯ 

^5 {ЕРЕ meh -I5xXcEK.moelj х ———— 
' ПГ 

AS ТЕРК атаму E34 УК. 


C3 Calculatien of MS 
Pers change ткн М ion гапга гай CU anim aa Койуп Cx punit 


[E RT dC) 273—2:—- T~ ZUR E 
Ps the salue û1 AC" is negatie. the reactiur accurs spurlaneeusls ul 25 C 
and | adm pressere. 


AG? = aH = TAS * 
Aa = ТАЯ упин - 298 КТК ЕРК melj 
AG = 1327 ЕРИН 


1-17-CALCULATION OF ENTROPIES OF PHYSICAL 
CHANGES 

In the previous chaaters, we have denned stindard enthalpies of physical 
changes as enthalpy of аралат AI 1r ard entsalpy of fasion ALT. [he 
gides, we kim Chat substances change fron soled be Нш zu nelling Leri- 
perature Т. Substances change frum liquid Wi eas at Boiling nperare T,. 
Mieling and Falling lemperatures are 21 egui brim between solid or liquid 
vapor and alnus prerie pressure. Thal means salue of ^t al hese benipera- 

TU P Їз сурия ая zer. Thererie, ibs relationship: ean Кал ow rinen as rb lows 


A3 7 IE - ГАК 
UAM -T As, 
We pet the folles ing rrom dhia relationship 


АН. 
AM = Lo 
п U 
1 
[ктан Отава, For example substances chime: Thom slid 12 guid al 
imelrirg Y2mperalurne l'herefore, imelriag equalien will he as Fol ows: 


AI 
T” T 
[us means fusion. Substances caange Irom qal co gasal Beiling Iempera- 
ture. There ore. Ше xaporizanmen eguali abuse cin һе rerien a5 2 Пл: 
AT 
т 
i | | 
vap means уйин нт, Wa need 10 highligFr rhal these #папапа аге orb 
valid wheal system :s at equilibrium itor example melung, vaporization and 
чириши] 


Attention: 

Mere. These 15 ныт! physical 
change whizh nt mentioned. It 

is Whe change af stare al substanzz 
direcily trom salid го mas. This :5 
caled as sublimation. As embhalps 
F subhani js й гап; Tir arı, i 
їз equal imde sam ol enthalpies ot 
meling ard картан. 


Exercise 1-14 


Calzulite change af entregs in 
TK. mel umr fnr м ятан bei inge 
üt Lug c (oru pomni. 


нз ص‎ 
All, 44 kJ ‘inal 


Answer: 118 Ek ul 


BASIC EQUATIONS 
- Vhe relitionship herweven Rein LE 1 2nd cenli grade (Cp anita of temperature 


ТКС 273 


- Lhe celutiunship herween aniount ul heal am] Speciuc heat 


qi] = ikg C х m igi х ST PC} 


- The reliably beta een игш uf hear amd hei capacity 


САТ 
- The chimpu im мата enthalgg orf рассол 

AH; =E n SH, (Products) = Zn AH; t Reactaurs) 
- The change un standazd entropy nf rezciun 

AN -EnSilroducis) = Zu sS (Reactants) 
- The change in tree energy 2d constaut Temperaburne 


AG -AH-TAS 


- The change in ала Пет eue: uf nei ue 
AG = Ea Ate (Products) + 2 n Ade” c Reactants) 


BASIC CONCEPTS 
Joule Unii: [D is an ueris unir. [ras Susi os mh doni оеган ина S sten o Dra 
Kelvin Temperature: [i rs a temperature mim Ip rs oes d wih CR pon Internaromal esser ot hrs 


System: Fhe паж, nimis s rem is cie pan аЙ гае "hie h we sads When à chemical reactinn ei à physical change 
Depp, ab on мА at aubaine ar sances whirh pan i palê m The ehanas. 


Surroundings: AIT physical ind ehemical changes surrouncdunz and anecring sssrem 

Group: TE is the sum at sx atem and «urmmindings. Croup = System + Surroundings 

Open Systeme ЇЇ ибаа amid enere aerar on aecurs between ху olen amd 5anoundings. this p called às zi open 
s» sem Cage. ап epen pu? nla ning boiling ater 


Closed Sytem: thee 1$ enl 2nerges anieracuon bel weg seater am] Surreucehines. and substanse FILE ALLEN i587 
ШАИР is called às à зај ЕШ Tes eara, АКЕЛ ДЕШ ДЕШЕ with boiling water. 


Isolated System: [[ here rs meihe eres nsn Sublette Прага, ruri bebes een sisien ai su aur tiga, Fors vul ed as an 


lie ss эп For exire, a theirs, 
Heat Capactty: Uwe ancaunm ut heal neccssaev to rate teniperütune of (mJ eram of ans substance by 1 centigrade ls 
unit t£ в 
Specie Нейл Wie amounr of ear ngega V zo тагы Tea paar at Egi e ызага [үз | чыгай ls unn cru э 


State function: The property or amnounr which depends nn ийа sate betas: change enc tinal slate after change w ilh nn 
respet En paca Balls ed 


Extensive Properties: Propsrties such as solum and mass which depend un aroun of substance ip уни 


Intensive Properties: Praperizs such os areisurc. density and zeumperalure w% heh dont depend on amount nf substance 
in system . 


E mthalpsy: A Thermodsnamie state fimzlinn. Hia cadens rz. In shows amnunt o£ ahga ber and ieleascd heat unde conatan: 
pressure Jin symbol is М. Ал iE Is a alate фитта, ici absudlute vaue can t be measared. 15 change AH can he measured. 


Exothermic Reaction: They anc reactions Which pruduces Bet at che end. The sign oz enthalpy change is паш». 
Endothermie Meaction: They are reactinni which need hex: со occur The sign af enrhalpy chance is posirivz. 


5iandard Enthalpy of Reaction: bs душ is WH". Bias detined as heat which depends nn reaction under standard 
conditions. 


siminn Eethalpy of Formation: ls sembal ix AH 7. D iz the heal ncecssare 0 dorm. | mele ap eompond iram mast 
ана and standard forms et elemenrs. 


Standard E athialpy of Combustion: lcs symbolis АН У. | he heal released ror com busin ot 1 mole of any subsranec 
Wilh plants ai o3 cen ar standard remperature and press. amc. 


Hess's Law: The спар of man eaves equal Ea sam ol embhalpies oT intermedia stepa. 


Spontaneous and *on-spontaneous Reactions: Physical and chemical «hange which occur bx themsels es w nhaur ans 
nude Deter are called as 3 pentanzous changes under cenam conditions. Bul prezesacs which ean r occur he ТЕЧЕ 
under the same car.ditiona are called na nen-spontaneous condicians. 


Entropy: lis symbolis $. Dias a thenmodynamiz state functian. lr i5 aczepred as a measure at thermndynare disorder. 


Gibbs Free Energy: We svimbnl as Li. THis а Hhermedvnamic sie fongia. 101 helps ns eo cama ir рах ез nr eFemical 
processes neci £ aE, ci mnc TI shes 5 che vias amu energ ces ach лаг е п гане Hom erbil and enprp* 
change. 


standard Gibbs Free Energy of Formation: I rrr bal vs AC. Sandel Cube: Free Freire uf Коптон 
ià the umm ed change in tees sacre when T anale af ane cam pound i3 Morea regm most arable [рита np una 


elemes under standard cumditionz 42570 Eemperature and L atm pressure.) 


« 41 > 


OUESTIONS OF CHAPTER-1 
| -1- Lasting tho zellaw mg vermis: 


5ivstem, surroundings, up, open sssbem. sue funtion. iselated syslen, joule, closed system, P! kra oz 
thermodynamic 


|-2- What arc ilie units ortho Falle ine according to Гестапа System al Enis (ST? 
Enthalps. entropy, tree Hibbs етае ху 

| -3- What arc ihe meanings al the folla wing terms! 

Hhermeehem isti у. 2xetherm c. endethermic 


| -4- Whal degs slate Tunctien mean" ise t8 o eenceplts zs exemples fer site Junerien. Diss a process wll is 
FOL a stare SOCAN Du prevese Tivit. 


| -5-Cirveidlie reagan ror the nevessiby el wriring [туга] stab while writing thermal reactions. 
| -6- What is the difference between specific heat and hiat барде? Fell ehe units ef cack concep. 
| -7- Whal is the diester between inlense and еллы properes? Give evaniples Ea) tarh. 


| -5- Writeabonut the valorimetor which is used te measure zbsorbed or released heat where pressure lif J that is 
enthalpy (ATIY is кагыш. 


| -9- Calculate the specil'ie heat ef à piece al silken which Tai à mass ef 5090 2 and heat capacity el S6 JE. 
Answer 0.24 Vast 


l-i- AME ua niercury was санниш Iram 777C i JH. Calculate the released heat ın kl uA. 
Specific hat sd mercure 7 ЯВА oe E 


Answer: -3.2 kl 


LE l- Thy temperature ef 34 g ol ethanol was гид] ta 7070. Zim 2550. Calculate Lhe amount al absarbed 
heat. Specific heat o ethanol = 2.44 12.7107 


Answer ИИ | 


1-12- While heatme 4.5 g at gold peses. 276 Pot hear was шеф. I ihe initial temperature was 2570. what 
is Che Final remperature? Speedie hear ar gald 7 4.13 dee aE 


Answer: qua, wit 


1-13- Find the salue of АС 7 an cho del loveang пушо: 
СО +1, (HELLE, 
билей» 
ALL SCOR = IFS kal, AI, CO = MR S рти. 
SO - 0S FN mal SICUTI — CS LE mal SCEL = FPA anal, 


Answer: -314.3 EJ 


|-14- Vehen 1.8 p atacetie acid (CT) COO was bur in the calorimeter which had 750 g ef water. the 
temperature ofthe calorimeter and its content was raised from 24°C" га 2&"C. Calculate the amount of hear 
rulensed rmm eembusrizg if 1 male шана ден by negleznng the bear capacity of the calorimeter. (Rober 
mass ul asid- 0 ла реча: hear at a aet- J.2 Fg. C] 


Answer: -AHH iTia] 


1-15 Whal ace the standard reaction conditions in Uermachemistry? Whal are te difference. between thee 
and standard conditons used tor gases" 


|-H6- 2.6 p eot acetylene СН, (M. 26 gno] was put in à сагат. After Burning the substance, | 30k 
Feat was гейт. Calcular the айша enrhalps if formatian of acetrylene. The folliewing dta is given. 


AH COS MA Ikma AHH = 2861 mnl 
Answer 227 kino] 
1.17. Calculale the change an Матак enthalpy ol loamabian AH.” (ALO and standazd enthalpy iH cortilius- 
ТЕТ АН ЧАП tar the Tallos ing reuetiam. 
AL. + Ekia АГ. AH "= MER 
Answer -1й kK I final: -333 Ыт] 


IH 8- Apply Hess" Law an dhe following therm equarians ar 2370 and | atm pressure and tell its cse in 
chemistry. 
li Hz; > СБ. ЈНС... AH = 185 kl 
iAH — Cbg *2Н:О. AH" = 484 kd 
Calculate the AL? of the following reaction. 
ЧН а Che BCI + PHa АН? = TRI 
Answer -114 kl 


1-19 - Jf гле follow raz апела! equations were green al 235740 and | atm pressure: 


о Magt Oi NOS AHS = AA kl 


ы 


2pWx,e c ШК. км AI = IT hI 


Calculale AH” for the Ёо лр reaction 
AMO — Nan ^AH^-?kl 


Answer: 55 К] 


|-20- Valen carhonale decomposes according 125 be зл reactibn. 
UML bab LEER 

караап enthalpy of formarion AH of gach of Cc. COM, CUI. 

{ч 0-515, - 191.5, - 1307] kD mol respectively. As AS is Té EK mol. Calculate: 
EMT bien draw dis ёпегоу diagram. 
дул 
Асл temperature does Lhe гей алас «pentaneousIv? 


Answer: II 178.5 К] 23 130 x kl mel ij Crear: ghan 1115 f К 


I-21- Fim АН" far Fe СУ, using ihe follwing data: 
ZAID اكوم‎ + W) AH = 3340 kl 
2Al+ Fel), — Ihe + Alt}, AH = -S45 К] 


Answer: -822 kT 


|-22- Caleslute standard enthalpy of furratiori of IPE. cuimpounl using the following dala. 
Pins. | HIND ° MIO ! STs ag àll? -І8ФЕІ 
AH “values aihe canipeund are rollo ung. 


АН 4P,O, ] = 2934 Кта! AH, (N43, = -13 Ыта! 
AH {HNO 12 -E Кети 
Answer: -M43.5 kml 
| -23- Calculate E At^ eb the Following reaction al 520 and Û ilm pressum: 
Mag ° Glia,» IMI. 
Using the Шола data. 
IRM] (eS Komal, AH} 131 15 Kamal 
SENHA UF Rol 
Answer «IH Fh nial 


| -24- Whal dires spontaneous process mméan? Cuvée by examiples Гог sparitàaneuaus and nin-spontarneaus pri- 
EL EA, 


| 35- Which wd the Fallot ing proccsses oveurs spontaneously? Which nor? 
A- ISS ef table salr i warner 
G- After opening the eap nf perfume Balrle, spread eut ep perfume in the roam 


D- Separating Шеш and neon aas inisture 


|-26- Lehne eate. Whal ace Whe unts oP entropy according ro Штетата! System ot Unies (SIF 
|-27- tC'alzu.ate value of AS” in Ж лт fur the lillowinz reacli. 
2H. th, — 2H 4 
es ы |ы - 12. 
Liens АП" OLN, -242 kemol Aci ЯС -278 Лут 
Answer: Ml [7E mud 
|-28- Calculate АН ol the Jollessing reactiun 41257. and. | atm pressure; 
Sillas t 2054. — Stora d E a 
Lise the following data, 
SSM — 206 Knol, Sp - 205 Kanal 
абыл = 42 Kamol SAHAG — 7D ЈК mol 
Answer: did Hb mad 


1-29- As rhe value ef 38" of the Collinge reaction ê 137 ЛАК mold at 23?C and | atm pressure, and 52707) къ 
HALE mal, whal ix thé value s &? al (60 | ose? 


20, — 30., 


Answer: 239 1K гг] 


1-30- Define standard freg Gibbs Freriny 1H fermation and tell irs units. 


| 
l-31- Calzulale ihe AH, Far the following reae шогу by using Hess's lau. 

+ 2H, — CH OH 
Standard enthalpy of combustion of each of CO, Н CHOH 15 (7283, 236, 7727] kmal. 


Answer -123 kJ 


}-32- If rhe SH and AS values f the following reaerams arg kiren, find out the temperatures al hich phere 
Ге Sar SCART LATER a ly. 


Reachon As AS = 148 PE amal and All = 11285 ke mel 
Reaction В 3S = -103 CR mel and 3H = - пе 
Answer: Avs Greater ran 2023 E. 


Bb ess than 113.1 K 


1-33- The lollowing reaction « 


Сас Саб, СО. 
15 лена spontaneous at normal conditions, calculate iû which temperature the reaction 


will be spontaneous, at S27'€ or 627€ 
Givens: AH"=176S KP. As = TON]. 


Answer: ұс 


1-34- Гран che follow ing peeccssces sating irom Gibbs equacion i i = Ald - Tass. 

1 Ad what temperature close ice nagll spontaneously? 

2- Calum carbemate spontaneously. decainposes а: high temperatures. 

3= зит passim al mereury tH) asile is slices spontaneeus al high emperaire, Wot low temperalure 


4- Tha water dagan freeze spontaneously under normal candiaion, 


TEES -( — Chemical Equilibrium ) 
CHEMICAL EQUILIBRIUM CHAPTER-2 


ACHIEVEMENTS 


After completing this chapter, the student is expected to : 
Differentiate reversible and irreversible reactions. 
Understand how i reaction reaches equilibrium ие 
* Discover the relationship between К. and K which are equilibrium constants. 
Learn the importance of equilibrium constants in order to tell way the reaction goes. 
Learn the relationship bet een the equilibriurn Cons as and gxqusit von wring metho 
Learn the result and the imponance of the reaction. 
Understand the Le Chatelier Law, equilibrium state and the factors affecting equilibrium constants and 
applies all those information 16 problems, 


47 


2-1 REVERSIBLE ASD IRREVERSIBLE REACTIONS 

| he interaction af Lup nr mare sunstanees yields one or more nex substances. 
differ in tawic characters This prowess i defmed as a chemical reaction. 
Chemical тей ш are suwa capa: chemical риш» 

Сена earns сараки гасе The changes hich s abistances uriderzu 

In order io produce new iraterials wiu Титан Ehe atris sier iri gha күү! 
shows the seas the reaerion works. 


Chemical reactions are divided mto two: Reversible pestes sand iie- 
versible reactions. During rrevershle reactions one or bio nl Hie reackants are 
completely consumption This iz shown with a single any x. Far examale, 
when the Fue] an a car is Fully zombsasted, аг diox ule amd weter are presduced. 
Thos pris em rs Cleese Barre ШИЛЕКЕИИ water 
iria fuel ps espe: (Fit ul ron in uthe sends an possides These АТТЕН 
are called ane-was гешн These hinds of reactions are complete ard 

ice caribe. Belay are some examples Tor thase. 


l- HF he formation nr ciim solvate si aral waler by atalii пиги: acid 
ир ъй! hsalruxiule 
[ISO o! 2А — ж Мило 1 ZETA. 

2- The formation of carbon хай thrweb additi al hydrozhlerie acd. into 
кенп Caron ale. 


aC, 2HCI e Nall THO FCU, 


ГАТТ 
The definition of irreversible reactions: These ace cheriizal reactiums iz 
Which under certain condi ens one ur all of che reacranis аге сыи: 
prodere under dhe Sams сала асосн arnt charge Back inm Ihe suhzrarezs 
forming rha т. 

The аһ type uf reactar 18 valle reversilile reaction. 

[Purcina езе тенеп». produces van теит Ше геш ss hile anle 

sime nt die тея тич turri intu products In wher watis. zeversble tection 
zannar he completed however lone Emme passes by under sunablz eonditiana. 
anime icaziani alu asi remsan ii ;T e acin ehar kga. This s Cut Er is shnssri 
liy Te Cr pex epe prie s i he eguit on == 


| here are any rex ersible chemical reactions. Respects an example. hiz 
even occurs by pas change. Che blood coming c hras zar aider aral carona 
uices ide. The local leas zs ysy subsidy, ard Inis ЕИ ККИ ШЕТ 
Wipererespicabiur. I deu es vox s peri und ШЕ wier cuc Sarl ide. Furie 
uber examples are im en belles, 


l- "Hh Fami nt shs | acctite amid water ити the reactien al acetic aed 
with che alcohol. 
CH OOH + CH CH,OH SS CH COWWCH CH, € HUP, 


2- |n acder to Farm hydrogen iodide cos in a closed sx stem, the reac:ian ef hw- 
drogen uas ard iodine vapor. Jl. - |, == ا‎ 


— 
MEI i 


3- In 3 eleg eter rhe deeompniilini e aie qim carhenane sar inm vcalzium 
ике arii zarban diusile АЛДЕ, 


Catt), =— биб FEN. 


4- Sume plies ical changes Hike сарюг anion ol water iii Clee y sten. 
H, H 


س 
— 


The definition of reversible reactions: These are гида im whish 


praduzis are changed back into reaczunts. Products hase the capability uf 


reagira an order 1 refar dhe substances yielding them. 


2-2 REVERSIBLE REACTIONS AND EQUILIBRIUM STATE; 

Аз ушей abuse, musl ul Te reversible reac dius vune im. oppose wars 
илет Ihe sz e гей И саап. Fer example. Н cas reacts wilh ¥. under 
s aahle conditions and farms ammonia (MH, } gas. In ihe bernninp, the tar- 
wad recen 135 Fax m de was nl редиле, ammnni, img В valae (FR, 
ву гае ul owal reaction p Ву he ume, umher she sare минуге, as gie 
vum ERT aamen he Te Ses uie Farm granie eec urniposes ania 
H. and М. at E, cale 4E. is the cale ol Ihe Бае ага resection. | Bath teas las 
cob алт dez rates nb hg achas [каган ggal (К, = R) Thus, the 
pesar renis ИКОТА ТОЕТ 


k 


M. C3 MIL 


al 


2-3 HOMOGENEOUS AND HETEROGENEOUS REVERSIBLE 
REACTIONS: 


Bes erst be Banruzuerieuus Pests ace peas чагт з an ss hich reactants arid prod- 
ucl are at Ihe «ime phil Sulriss, Uhe examples For those are emen 
below 4E eep ın mund that all uc сезт, cen qn a clesed Sealer) 


l- Lquilibrium reaction between gases: 

М0, کک‎ 20, 
2- Fquilibrium reaction ona solution: 
HCOOH, + CHOH, === HCOOUCH, + HU, 
3- Equilibrium reaction Белеет solids: 


FH 4A. =— nk. 


Eseaudina the тех еге heieicpeuenus reaction: аге Паг ГАМЕ tha ine 
chide tie reactants ud tlie prosluzts im rire Then one phase ang Heir аги 
ples in zlosec system: 


HO, =H), | 
TMaHCO, = Na, =H FOOL, 


THe, 1k, === HAN, 


І 
5 
& 


Figure 2-1 


Reversible гелле reaches equilibrium 
afer а while 


Heversible reaction 


9g 


дї с Гай ишь 


F \ 
„8 ~а° 9 “= 
© d i = № 


= F ә љ D ==, 
M: oii!" 
ч! э ї ae i = j 
¢. @ " 
«ә E ә i. == 1[ i 
Pes . 7 


Reversible reactar reaches equilih- 
rum atter a while. 


Е] 
= 
E 
s[* 
b m RE 
cé х 
өч k; reaction rate a 
backward k reaction rate 
Figure 2-2 


The equilibrium state graphics 

far à pas mixture: It shows forma- 
tion, decomposition and the rate of 
reaching equilibrium. 


Chapte 


2-4 EQUILIBRIUM STATE AND LAW OF MASS ACTION: 


Al445 7C, 2 moles of hydrogen iodide must be formed when a mole of hydrogen 
gas and a mole of iodine gases are mixed in order te form hydrogen iodide gas. 


Н, +1, EHI, 


M ETE 
But, when this mixture reaches equilibrium, the analysis shows that 78% of HI 
gas and 11% of iodine gas and 11% of hydrogen gas is found. Similarly, at the 
same temperature, if pure HI gas is heated, it decomposes into hydrogen and 
iodine gases, The mixture always contains 78% HI gas and 11% iodine and 11% 
of hydrogen at equilibrium. 
The relationship between chemical reaction rate and reactions of substances is 
called Law of Wass Action. According to the law, the rate of a chemical reaction 
is directly proportional to the molar concentrations of the reacting substances. 
The mole numbers in a balanced equation are used as exponents for these 
concentrations, 
When the law of mass action mentioned above is applied: 


| _ жын 
Н, o T lo = i 2H 


According to law of mass action, the R, and E, rates can be shown mathemati- 
cally as: 


R, zs k, A, [Li 


R,- k (HI? 


2-5 EQUILIBRIUM CONSTANT: 
Consider a reversible equilibrium reaction, 


аА + bB === gG + hH 


——— 


In the equation, A, В, G and Н are reactants and products, 
a, b, р, hare the mole numbers in the equation. 


According to the forward reaction, when we apply the law of mass action, the 
equation below is acquired. 


К, = КТА) ТВ) (1) 


But, according tothe backward reaction, when we apply the law of mass action, 
the equation below is acquired, 


R, = k [GPH e 


k, and k, is the rate constants foe the forward and hackward reactions respective- 
lv, When the equilibrium is reached, the rate of the forward reaction is equal to 
the backward reaction rate. 

R, - Ry Figure 2-2. Thus we get: 


krAPIB* - k GEH} 0 


І re aranse Lf UAE 5, wet aer Lhe relin ups belive: 


k ТН в 


` (Af [BY (4) 


Е the гни ef rate serin ШЇ ore and reverse reactions dk, and h ia 
new expullihrium ЛЫШ is obtained whith ps calli] Ж e(ullihriums gean 
E Uhevetare, Equation 4 becurnes as follows. 


(Ge) HS 


ч = ë 

ГА ig Г B 1 (5) 
Equilibrium i> the ralin nf rate conskru of [пг ard тшгп (К) b» rate comstiunl 
nb reverse reaction (К, ). I Ferebere. I he Кушта nastani is obtarizd by the 
ratio ar malarznnzentrannms ar predist awer reactants Tor л reaetien trag is ad 
equilibzum. each is raised 4o the parecer c£ the number oils moles in the 
balanced reaction equation. Viti value remains constant as leng як (hz temperature 
doen Гый. 


Ar equilibrium, when the coneeniranans of reactants and. products are mei- 
sud as mahony (Mi, equilibrium gang {иг к. 15 shown with ET ors 
Laker fien the ed Soe Eyal bi inin ganin dues Ват. ё à verai 
uL As equation 5 shuas the mola? итик гПа ect TELE bins ard. products, 
Из ени costar rs expressed with КО inásleade ed К, and writen 
аз Follow s 


2 Jı 
K (GT rHI 
LÀ FI B 


(6) 


| | Exercise 2-1 
Example 2-1 " 
Ca culate ihe equilibrium constant k fur the Falle inr Tec Loon. In an equilibrium reactien. Ihe 


equilibrium constune K || 15 4.74. 


k, As dhe rate cnastanl of reverse re- 
N, " . 3H, а سے‎ 2NH, " action E, 12 40.02. calculable tae tate 
[E m [E E =. ЁЛ 1 
К, : constant cf fors ard reactram.k 
The rare doll ааш er for and rectie h, is П. E and rhe rale ссх atf reserse Answer: Him 
лоти Fas ш лема AAS, 
Solution: 


k, 0.11 
" k 0.05 


1 


Figure 2-3 
In spite of the changes in the 


amounts of CaCO. and CaQ, the pres- 


sure of CO, at equilibrium remained 
Constant at the same temperature. 


[Fall the reactants and products are in gaseous form, wilh respect to their molar 

concentrations, their partial pressures are measured more easilv. Therefore, it 

is more suitable to tell the concentration of a gas using its partial pressure (Р). 

Thus, equilibrium constant К із shown as K, (equilibrium constant in partial 

pressure form), The amounts of ihe reacting gases are told as their partial pres- 

sures, so in equation <, the equilibrium constant of the gases is shown as below: 
Е b 


F. xP (7) 


The definition of equilibrium constant in terms of partial pressures is the multi- 
plication of partial pressures of products over multiplication of partial pressures 
of reactants and the coefficients of all gaseous species in the reaction are used 
asa power. This value does not change at constant temperature. It is constant 


There is a point here needs some consideration: In homogeneous reactions 
where all reactants and products are in gascous state, the equilibrium canstant 
is found through dividing multiplication of partial pressures of products only 
in gas form to multiplication of partial pressures of reactants only in gas form. 
(As shown in eq. 7) 

In equilibrium reactions which contain substances in different physical states, 
pure solid and liquid substances are not considered while writing equilibrium 
constant. eg as in sodium bicarbonates thermal decomposition reaction below: 


A 
2NaHCO, , ———+ Na,CO,, + H,O + CO 


* "TI 


Heterogeneous reactions also reach equilibrium just as homogenous reactions. 
For example, if sodium bicarbonate is heated im a closed container, the reaction 
reaches equilibrium at a certain time. 


= °° - 


A 
2NaHCO,. =——=Na,CO,, + H,O, + CO 
83 : Ms ї8 


24g 
The equilibrium constant for this reaction is writlen as follows: 


[ Na,CO, ][ CO, ] [H,0] 
[ NaHCO, | 


In equilibrium constant relationship, the concentrations of solid and liquid 
&suhsiances are mod written, Therefore, while writing equilibrium constant for 
heterogeneous reactions, concentrations of pure solids and liquids are not can- 
sidered, Thus, the equilibrium constant for thermal decomposition of sodium 
bicarbonate is written ив follows: 


к, = [CO,] [H,0] 


_ Chemical Equilibrium 


Or the equilibrium constant in partial pressures (К. ) is as below; 


K, РР 


Another example is the equilibrium constant for thermal decomposition of cal- 
cium carbonate when the reaction reaches equilibrium: 


СаСО, s, 5 СаО . Ф CO, 


The equilibrium constant in terms of molar concentrations is written as follows: 
K -[CO,] 

In terms of partial pressures st $5 swritben ms: 

K, CO, 

The pressure of CO, at equilibrium 15 not affected trom the change in the 


amounts of CaCO, and СаО and remained constant at the same temperature. 
figure 2-3. 


Example 2-2 
Par the reactions below, write down the equilibrium constants in terms of molar 
concentrations K : 


(1) 2HBr, == H,, + Br 


х TT EL 


“2а 


(2) МО; + HO, a HNO, + OH, 


(3) CaCO, 2HCl ay, e CaCl „, * CO, y " H 0 


i АЁ 


Solution : 


K (H, 1iBr,] 
“HBr? 


к |HNO, (OH | 
°“ INO, 


к .[CO,iCaC) 
E [HCl y? 


Example 2-3 
Fui che “conclu beh vs ard dues a thie үа ИИЙ ГЕШ ТЕ up pair- 
Lal pressures: 


(1i ЗН, , + №, = 2NH 


(2) 2Hg, + О, == 2HgO 


Solution: 


2-6 CALCULATION OF EQUILIBRIUM CONSTANTK. 


Wig dhe reich rachis сүн, Ve salue af thy гүш manm aus arn 
сш be сайса а] Шире tie measurement ul The Yoel of all тыш» 
Ший» and produits. These values are esere rithe агата tu s rie the eguit- 
rium castan at a сопу demperuture. Because il constant temperare, bor 
any reaction it egu. bernam state, the value nb K ranains чи Ни mde pendem 
UP rez аиле уге gf is reastanrs amd poudust:. E 


Example 2-4 


Assume char the eguilihrium ncacricn а given deripic ratu re 14. 


2CH,, = CH,, 3H 


Ag, ^ EL AH: 


At н arl temperature amd zt exqualabriam the нас Ега нае Lre 
green below, Calculate К, tor Ihe reaction. 


ГСН, | -h020 [C H, 1-0051, ТН, -01430 


"uolution: 
As Lie malar eserieeribrat ours ap exquilibr iu are zen. mer cuit eerie 
Lhe QUT ани relationship E. 10 berms e£ K cae belay: 


LH, JL H, J (бз, 0.143 3 


— 5 0.37 
е [ CH, É (0.07 у> 


Besides Пас. sane zem иду be asked an wla the mal paatral pressures 
A tesche ur cencenirabooens and ifie egquiliheiums аду шин ame уеп, 4 еге, 
s:tdents should see ihe dilerencez between the will concentrations 

Nhe table cena: si ги zhree steps. The first atep 15 the conecntrations er par ial 
piê urd ed reactants pelate саста (initial), the ясай spp is che Пале 
Roane ш the эдга] ыл, лг partial messurzs or subsances dining ге» 
асу: (change) and pie final step 13 the corceniratióurs er partial pressures o7 
substances ater the reaction reaches equilibrium | equilibria | 


As show in the following example 


Example 2-5 

Inv lL пега AAC. D.a mule oP HE. and $5 male al E. reacts; The 
exquil-brium censtant is zound as k> 5.59. when the ephbrium is reached. 
Calculue Таг concen nics ol subsbances arr mixture ac equilibrium. 


IE 


* ل 
ы, m NIE.‏ 


Solution: 
Phe їп: concentrations nl the racials агг calculaced throuah ihe relate 
qai? Rela using whe volume cd uz rix nre and mao c патрос. 


n mol, 
LEE 
YL, 
| n5 imi, 
ЇН IL, 2 - 6.5 mal; L 


Ee gurabi of 4] 


Wag) pts de 


hanga ır rian TI от 


багш sar 


Lu i-a 

Р (HIY 

k 

* IH, Li 
[2x]? 

58 [U.5-x] 05-79 
Ix] 

3.20 = 


Exercise 2-2 

When thy System mashes vu лг» 
ums, Ihe cor centrations al reac kins 
iM 

IN O 1 0,002 


| HF | Qu 7 il 


For dhe rich oe cw, calculate 


E, Ll O i 


Answer: f.2 


[ahire the square rom of di equation, we gel he s salir. 
& - T2567 mol 
Therefor. he conzentratiurs ab equilibrium are 


|H,1- I,170,5-4,267 - 0.233 моі. 
IHL] 2.0.267 0.534 mol. L 


In seme preblems. the partial pressures ur curcentraliuazs ot rhe reacluntrs ara 
after equilibrium. ie camzentratien or partial pressure ef ene of Vae reactants’ 
ur products! gre wiwer. | Een the equilibriu constart rs asked do be cale ulated. 
Example 2-6 

ln ar experimerL HGS moles hU нах ers dezompused in $ libers-concnn- 
maka eren Iemperarre. When Ehe equilibrium 15 reached. remaanina М.Г 
cc is heyy as OAM nakl. Ca clang ahe E salue nl ily icac- 
nna Мп, x ОМО) 
Solution: 

We eem er Ше mule number im 3 Herz qo the role number in | Aer Im oriei 
words. we calzulats the initial mular zonceatration oF 7.0, из. 


| n, mol, 0.025 mol, 
(mol/L, - е - 0.125161. L 
Vi Ly 5 Ly 


Corie ial y 


JIS Traore a + 
exquiibinum WITS x 


PL ES, zemeentralima al equilibrium ix equal te ES mald.. Sa. 


0.125 - x = 04125 — x - 0.10 mul, 1. 
| NO, ] 2 2x - 2? X 0.10 - 0-20 mol, Г. 


The equilibrium constant relutunship, 
| NO, р 10.20 > 


See = ы == В 
° INI 10.025 | 


Example 2-7 
Far dhe was equilibrium reaction bel, 


350, 


— ч 


=== A50, Lm 

In a | iiez- chasei cenraimnzr at z gie demperature, rhe pressure of S£. icis oe 
Iun: улар nun l> УЙШ. A pr duo pena pep esters Ts equilibria, the: TERT, 
pressure er rhe gas miste s fours] d ammi Caleulare ka, salue ef The reaction 
at exi libr mm. 

Solution: 


mamme | so | ов | оз | 
юы | zx [om |e 


Fressica al 
Exquaibnur3 


ых | » | » | 


According ra altar з Law toral pressure i5 equal oo the sum ef pangal pres- 
Sure vl cases in the mislure. HT we assume rhe taal pressure s P, a1 ecuilihri- 
uan, prese iR: 


P-P 


+P +P 
3 $0 о; 


4-3 2x,1 Fx 1 X 

x-latm 

р 22:0 - 2х- 30-2 1- Таш 
Р 2х 2х1 2а 


І 
Р. -x-latm 


Il 
І 
ж. 


2-7-ТНЕ RELATIONSHIP BETWEEN K, AND К, 
EQUILIBRIUM CONSTANTS: 


Thi .sa rel alivsliip [abaya ТОН cupstanlbs ar ЧЕ РИЧИ Plys- 
Sues К. anal in гера nf moda enpeemratinais К. млг ed Ti DA DeC LATE 
Бе: 

dn 


K, - K (RT) ' 


nu 


ё 
or K, - K, (RT! 


Exercise 2-3 
Far gae reactiren helie: 


X0, 2300, = 0) 


Ina l iter-centzaner. the reuri 
kegan wih Ж moles CU. a: a gn- 
en lempezaluze. When tie reactium 
reag pal eu] miko qmm. rhe hall or rli 
каз lemew. Cala lite The «alie 
"i 


Answer: 0.2 


Exercise 2-4 


Ан Abe reae arr ки ип cortar. 
is K DUI, an the zs reaction belie, 


N, ——2ЫН 


zia 7 "TIE. 


3H 
ati 
Iiffererr zmounrs of H, and M, were 
pur in a | lier container. When the re- 
achen reaches equilibrium. 1125 moles 
ӨН was used and D mec es ur N, ree 
mined. hal aze Ihe nile numbers nt 
Т end М, befre reclined? 

Answer: 


[мј 0.3 mal 
[Hi U4 mel 


Warning! Mn shows dhe dillerence 

bereecn mele nuniberi oF гас ШИХ aad 
produits cals in gaseous Tagan, | herc- 

Fare. n suhscripl iz used. 


« 5 > 


Attention: In this kind of 
prahlenis, we use che 
R= 0,082 L am Rc mol 


К. Fdeal gas constant 


Exercise 2-5 
[ur the елд me reie Lan 


ML. 1 N, МИ, 


к J.3v O7 ar SOO 7C. salute E 
fe dhe equilizutum react um a thie: 
"ile emperaire. 


Answer: tfr 


Exercise 2-6 


[n sve pallies reaction, k = nar 
pon a 


MESE == WO, 


Vene he partial pressure ur CO. 
io EE аг at palata qun. Са оба 
Thy parral pis suis ur CO argui 
ilir inin. 


Answer: LIF arr 


aaa mk i5 detinend s ith respeet do the Fal owing аап 
31, < Y препис X n1 Reactanes | 

Tar relarinaship keren K, and EK, is яз Вена 

l- IT du, is ual a f К-К, 

2- Tán is à positis? value. RR, 


3- IF An, 1s ib peach valise, ROS 


Example 2-8 
In ап reactiur. at 2277€, if An 7 -ILK 7 4.1, s Rab is the value of 
K^ ' | 
js 
Solution: 


Firsllv, wc consen папарна rrr CC. do K aun. 
T;K;-t"C, - 273- 227 - 273 - SUO K 

ET Т .-1 
K,- K (RT) ^- 4110082 : 500] - 1 
Example 2-9 


‘Tae follwing reaction reaches equilihzium at 300 К. 


NHHS === NH, | HS 
TI E 2 g 


=x 


le partial pressures of tag vases are di alm when dae equil brum I= aer. 
{аі Тесс A. ami K 


Solution: 
m = Pyn > Pris = 40.3.5 (Ue = 09 
A, -L n i Products | -L n Beala- 2-1 2 


E =k, RTF = ПЕ 2 5 N= L5 10! 


2-8 THE SIGNIFICANCE OFTHE EQUILIBRIUM CONSTANT 


Learns the value of the equilibrium constant is sers imparant. Ire know 
He 5 е of ilie equilibrium omstan, we vari esimate te bellu me properties 
af Ihe machen 


A- Та tenning the (иес nf the reactien 

B- Tn ndeurmine (he relatieniship Reps zen the equal binum consan and the 
merhad gz rina quara. 

2-8-1 Finding direction of Reactions by using Equilibrium 
Constant 


[hae take Whe simple example Бела: 


А = B 
IK = ПОО, that means: 


K is 100 EM = [B] -100[A 
_—— => „—— [В] = ГА] 
с [A] ГА] 


From the last mathematical relationship, we conclude that [B]'s concentration 
is LOO times bigger than ГА concentration, Therefore, the equilibrium shifts 
to the direction where substance [B] is produced, or to the direction of prod- 
ucts, This is especially preferred in industrial production, 


But, ГК. = (01 for the same reaction: 


K Ld => 0.01 Pu = [ÅA] =100[B 
=— 01 = [A] = [B] 
е ГАЈ] ГАЈ] 


Here, at equilibrium, the concentration of substance [A] is 100 times bigger 
than the concentration of substance [B]. So the equilibrium shifts to the direc- 
tion of substance [A], or to the reactants. As а general rule: 


l- If the value of the equilibrium constant is very big, the concentration af the 
products are very big, Hence, the reaction direction forward, 


2- If the value of the equilibrium constant is very small, the concentration 
of the products are very small at equilibrium. Hence, the reaction functions 
backward, 


3- [f the equilibrium constant is exactly | or a value close to: 1, the concentra- 
tions of the reactants and products are equal or very clase to being equal. 


If the value of K is much bigger than 1 (K>>1), at equilibrium, the concen- 
tration of the products will be much bigger than that of reactants. Thus. the 
equilibrium shifts towards the products Figure 2-4. 


If the value of K is much less than | (R1). the concentration of the reactants 
will be much bigger than of products. Thus, the equilibrium shifts towards the 
reactants Figure 2-5. 


Eel ЧИРЕН 
Figure 2-4 
К <<] 
—— 
Figure 2-5 


Example 2-10 


баш: rhe ecuilibrium consis Fc ihe Fellow ang tagteams, БЕЛИТ ГЕ ihe egi» 
librium МЕГЕ 


2HE, == H, - F K =1: lO” 


“>< nu. x da А 
280, 1 0, = 250, K - 8.107 
3H... + IN نے‎ 2NH, K -1.1 
Solution: 


l- The едни cengia [nr the Ära resection r5 dar small. [a gher ss azda. 
rhe arenas of F al ET, cml a ape so Tino rho practical iiis kind af 
гены pen dares nn. exem. 


2- | he вуш brum comstant bur the second react en 5 tow bia. That means the 


n. 


reactants produse nearly 1025 SO), al equilabrrum. The amount of £1, and 5C. 
in enters Hie racian Gut diate nob grach ig cwm little. TEencliore praci 10 
this ves in ours compl eel 


3- The sula cuneum Fer The und reaction te almost | Therefore, 41 
eum brum. Lhe eonzentcatiens of uie ce kes 411. and P, ases) and products 
(NH. rare close i eazh ether. 


2-8-2-The Relationship between writing Equations and К 
e L 


Whatever The diged uf equilibrium, die relationship im amy equilibrium gon- 
Stam ule pends an udis куп dei the: caquilibium gieten Terg, ves will assign 
Дайы Кур wa ibi ерата. 


Rule: | 


Wen à гелі s direction is reversed. the ne пг constart i5 the 
reciprocal ul the Hest euuilibraum carista. 


Fur example, in the ecuilibrium reactver belga: 
Н, 1 Cl s 1НСІ 
EET Ag 5077 1B: 
| he equilibrium comitant ter this reackeon 15: 
r HCL? 
“(HCl 


Men wee rex eres Ihis reaction 


2HCI.. ڪي‎ NB. | а. 


Che equilibrium elani Ген this reac ire 15 s rien as col lacs: 


Н], Hoz, i Cl, 


When we Inok aihe mn reactions above the ielaunnship Бегет K aad 
Kk waliesis as to lows: 
rH, rChi 

= i E FE 


2 [HO К, 


Rule : 2 


Wen a reaztinn equation is multiplied with a сое сіст {с 2 à таипа р. the 
new ewiilibrrum cor stam 25 mind as thu ceeltizient 15 used as the expenem e£ 
Lhe first equilibrium пъп. Lets explain tia rule w nb ne filloewin exam- 
ple. Take Ше previaus equilibrium reaction. 


H, + С, uu HHC, 


AB: AE: = 


_ | HCI? 
"НС 


The equilibri tonse is K 


Tris acp 15 рый ей wirh obs uy manu Pye nics пл Followers: 
r | 


бн 1 


p Hast hs, m НА 


E, ЕУ 


| he qui brim constent lor е fast equaleesn is shown as: 
r HCl 


K- | 
“Hy ИНЕ 


me esine K , and K values, The neu, edquilibriucri cot ean Кол equal pe 
the !& expenen ofthe first equilibrium сепз, Thos. 
سے‎ 


K, B (К)! s E NI К 


LI 


Rule: 3 


(Prhe reuclion 1¥ iL st od A series of гоа Шанг, He ELI reactions egak Erum 
ИЛАШ js exul do the multiplication ad all reactions” equilibrium zonstant. 
Fon ваге, tiike the 2 equilib ium zeuztiuis Lie hove: 


{© ap co к. - 160] 
zc 2 Za m= T= B -l [ Г). | 
| гс, 
CO + E o. === CO, g, cl 


Exercise 2-7 
The equilibrium onstan! fui ihe 
[шш алди таш: liga 15 


M. RU al азе, 


ING, =з NO, 


What is the valae of K, in the 
fullowinir геш ab sam: ит. 
diver. 

NO LL INO, 


Answer: 4L II&^ + 


Attention: 


carbon is solid material 
nnt included im the 
equilibrium constant. 


Exercise 2-8 

[атык o£ Ei пк was pat ina Û lutea 
whose curta. lier cie gas сес 
Won teiched equilihzium at а speer 
iecmperutuze. according pe the eed- 
Hon helon, 02 male err, ила was 
річища | 


Ни = H.- Г, 


In trp Шаг | grec, шаһ 
The mir e courrier or HF ias лт р" 
librium slate F7 m real ar 2 males 
of Br. and 2 mole. uf BH. azcording to 
the тейи fiche, | 


I] + The 2 Stil 


Answer: 2.4 miles 


Exercise 2-9 

For rhe tulle reactions ad 
ME., iy ЕШШ ЛЕШЕ ЕШР 
permis ef pial pressures die giten 


1 1 
ran E : = Bre , 
K, = 124 
ral So Br, 
K,- 25 


C ааа тае Thu ШШЩ а огч и 

E Ter Cie enclin i рео: 

BrF. —- PrF IF 
F. e. Fs F, 1 


shi 


Answer; (itv 


[hee Alum up D reasons, we get The Bolles ing Teelin 
ГСО, | 
Го, ] 


Thus. the иту гез он" ерше Brian crista К. s esqual te tie multiplication 
uf кши cunts K amd КК Re ke 


Aj کک ,ر‎ CO. E. 


Example 2-11 
The DMT апан fu rhe fille agrio is D 36 пат TET A, 
M. = ый, 


Aa hg зан perati, we ud by The шры рыт ины» far thy дили» 
le how? 


ANC), Ra 


пы 


| ae 
SN, EN, 


Solution: 

The и кант gansa fn: thy first ngatia. 
[ NO, T 

= = 0.36 
LN Q, | 


As the following «улт. 
THO , Ea Ta ‚ dhe шашлык аң; Hia 4AN, КО „ау is the ripo- 


val ef K, 


INO, | 1 
= : = = 2.8 
NO? 0.36 


Phe fol cing equatien, 


1 : | . | 
МӨ, == PRO, | isas same as Ше Erst equation. bui d ri multiplied by 


Y ^ E 5 ET І 
=. Fherezore, the equilibrium consal tor (his equalinn is 5 esponent nr the 


first ъди ааг zaristan. 


LN] 


س 


= 036 -06 


(NO, ° 


| 


2-9-REACTION QUOTIENTS 


If ihe concentrations of reactants and products are known at any time during a 
réactiton, reactions direction or equilibrium state for that tine can be estimates. 
For this, a reaction quotient is calculated which ts shown with О. This is an 
imaginary value for the equilibrium constant, It i8 used to determine iT ihre reac- 
Tian, ar any time, has reached equilibrium or net. The same relationship used to 
define K is also used for Q The most important diference between the two is 
the concentrations used in o do not necessarily have the values at equilibrium 
state, By the help. of the relationship between Б. and Q the equilibrium state 
ar reactions direction can be estimated as follows: 


l- IF K = Q the system is at equilibrium. The concentrations of the reactants 
and products are at equilibrium, thus they will remain constant. 


2- ПО is bigger than K (О > K ), the reaction is not at equilibrium. The 
concentrations of the products are higher than their concentrations at equilib- 
num. Hence, they need to decrease in order to reach equilibrium. For this, the 
reaction shifts from right (products) to left (reactants]. 


3- If €, b smaller than К (Q = K ), reaction is not ar equilibrium. The con- 
centrations of the products are less than their concentrations at equilibrium. 
Hence, they need to increase in order to reach equilibrium. For this, the reac- 
tion shifts from left (reactants) to right {products}. 


c 


K Q K 


a 
ا ڪڪ‎ 
Reactants 4—— Products Reactants ——e Products Equilibrium: No change in 
EO Ren aon er reactasts 
Example 2-12 or products 


Far the following gaseous reactions; 
ЗН, + №, == INH, 


Ar 300 °C, the equilibrium constant of the reaction is 0.06. Study the data be- 
low and determine the direction of the reaction. 


ҮН, М] (МН, 
(1) 0.002 0.00001 0.001 
(2) 0.354 0.000015 0.0002 
(Зу 001 5.00 0.0001 


Solution: 


In cide: zo йет тїп ihe d'ecnan atf ihe asii, rà gach sep value i5 
Tem] arid] cum paced wath [s 


NH. f 2.001, 
(ee a, азал 

: Hu: Nl ‚йб, O0. DOO E; 

As LE rS Digger cran КО, pae qeacriun proceeds bask [other wards, rhe 
reaction ЕТАП iu eft сеш mis? until the sy stem reag nesa neve идиг. 


NH, }? (0.0002 ;' 


эт —- - 0.06 
AQ СТТ 6554) 0.000015) 


OP R. soale илди js ar нги arl wu дийл Айй» are supr tant 


NHL? , 0.0001 2 
a ye d ب‎ - 0.002 
COO FTN 930590, 


КЕРЕ losa the agron ps ri ar адагы T hall pissed угар In ovaci 
wells. West fs tu ciet 4 oroducts until Пеш Пе a new expilibzium 

2-10 THE RELATIONSHIP BETWEEN AG, FREE 

ENERGY AND REACTION QUOTIENT: 

Inthe: Tnllewing react cn, 


аА + bE yg yG - АН 


= —— 


Mur-standüid [rez engres {AGF is теа] bo standard [ree enzrzs Ae wilh 
Fes pul Lu uc zeneral relation below: 


ГСН} 
[AF [BJ 


К is gas constant and R> 5 3135 VE mole. F is temperature in Kelvin ami. We 
van rearranpe tbe equation 1 as bela: 


(2) АС-АС + RTIn Q 


cl} AG AG -RTIn 


Women the desean esa ties equilib, (ree knee value A агт» equal 
ик). 


Аб =0 


‘The value nf 4 heeames equal ra K F has, fae equation 2 ean be rewritten 
us fa. does: 


AG - RTInK, 


If gases Inte in lhis neal. as partial pressure beiris are usel we use hs 
[Т The тыш Иш: 1 a sed unie. irs melin curie rar Dern ace used, we use h. 


Thus кый as cene ef Пе amnst Ий ийт equa ins in Theres, names. Fee 
alse iH alles иҗ da leam the change in standard free тс гуту Aa as we kmra 
equilibrium constant value КО. Alar the opposite of thus :3 valid. This relatmae 
shp is shown ın lable 2-1. 


Table 2-1 K and AG relationship according to AG = -RTInK, 


Example 2-13 


AQ 25 707 and under | atm pressure. fnr the following reaclinn 
AG 2-104 kml 

CECL + Н, RB HUI, — CHCI, ‚ 

Under «ume cunditions calculate К. 


Solution: 

тк, we conven temperie tror 7C. 1 K ипи. 
TIKI cf) 3735 2355273 298 Е 

Е #314 ЛК mol 


Phere. аштап is required 1o use beth E and ACC in Joule unit As atta is W. il 
meds te bo zone eed tu J ura. 


E x | acier | 
Ab [mil sé kdm * ——— 
` LI 
Lon J 
Ade toma) = - ПЫ (Ега s NEU = „и Lm 


AU = -EI Ink 


IENE} = Т (ER. mel? 298 (KI Ше 
К =| FT > a 


raj 


This value ^s very kape. which means thal the value of the пасат curice wha Lives i5 very 
smia | ang tha К АШИР complete 


Attention: 

embed [Injis rhe. яйға IngaricEm 
ийет haselc In oder to find. К.Н 
van 22 va алата) by ksing the recip- 
rural uf fin] uhi a calculator. 


Exercise 2-10 
AR мааа tree caer dar ds РЫ 
marin vd west, 


AG UOS T -297 klime, for the 


pearl en lon a1 25 47 al under d 
aum press urz, гаш Шаг КО 


2H,0, ——232H, О, 


нея this reac nen neeur sponta- 
news y? 


Answer: n^ Hr^* 


kc [, dives noc occur sprata- 


“l 


nicus dy. 


Hi De 


As a result of calculation, К. 1,7 « 107. This value is too big. That means 
the concentrations of the reactants are too small. In other words, the reaction 
occurred nearly 100%) to yield productis. 


2-11 LE CHATELIER'S PRINCIPLE 


The change in equilibrium position is defined as the shift of equilibrium towards 
reactants or products in an equilibrium reaction. French scientist Le Chateliers 
examined the external facters on equilibrium position and defined the follow- 
ing rule: ^IT a chemical system at equilibrium is disturbed by a change in con- 
centration, temperature, volume or partial pressure, then the equilibrium shifts 
to minimize the imposed change and а new equilibrium is established,” This 
principle 15 similar to Newton's Principle in mechanical systems. “Every action 
has got a reaction m same magnitude but opposite in direction.” 


External factors disturbing equilibrium position are given below: 
2-11-1- The Effect of Changing Concentration 


In the following reaction known as The Haber process for ammonia production, 


N 


Ж] + 3H... — ANH 


We can estimate the change cocur at equilibrium using Le Chatelier's Princi- 
ple. If some addition or extraction is made from one of the reactants or prod- 
ucts, equilibrium will be disturbed and as à result the equilibrium will shift. 
For example, if more hydrogen is added to the equilibrium mixture, equilib- 
rium position will try to reduce the added hydrogen and it will shift to the 
direction of producing ammonia. In other words, the forward reaction's rale 
will increase. As a result, more ammonia will be produced. This will continue 
until a new equilibrium is reached. More nitrogen gas addition makes a similar 
effect. However, if more ammonia is added to equilibrium mixture, direction 
of the reaction will shift te the way to reduce the added amount that will cause 
ammonia to decompose to N, and H, 


To summarize, the equilibrium shifts from right to left (from products to re- 
actants] until a new equilibrium is set. Decrease in one of the substances will 
cause the equilibrium shift to the direction to compensate the loss. According 
to this, tf some ammonia is withdrawn from equilibrium mixture, the reaction 
will shift from left to right (from reactanis 1o products). But if N, or H, or both 
is Withdrawn, the reaction will shift from right to left (from products to reat- 
татів.) 


Increasing Don decreasing concentraiions ir equilibrium reactions are methods 
applied at industry or laboratories. For this, either the substance in question 
is reduced or the concentration of reactants is mnereased some. In the Haber 
process mentioned above, produced ammonia is constantly withdrawn from 
mixture in order to promote ammonia production. This process depends on Le 
Chatelier"s Principle. To sum up what is told above for the equilibrium reac- 
tions: 


l- Upon addition to products, the reaction shifts to left (to reactants). 
2- Upon addition to reactants, the reaction shifts to right (to products), 
3- Decrease in products causes the reaction shift to right (bo products): 


4- Decrease in reactants causes the reaction shift to left (to reactants}, 


Chemical Equilibrium 


ШАМАЛ ammo ЛЗ LET ع‎ 


з ڍا‎ 
iC a 

8 К » 
a 


Sag ж== Firî "азд ac TA 
ч 


пеп pi "Eg г I MEL: 


NL System shifts so right 
Figure 2-6 

The eff ect of adding one of reactants or products on the 
equilibrium position with respect to the reaction. 


N.O = INQ 1101 


E 


2-|1-2-The Effects of Pressure or Reaction Containers on 
Equilibrium 
In а closed system at constant temperature, for an equilibrium reaction, any 
change in pressure or im the volume of the reaction container will cause a shift 
to the direction which compensates the changes. Figure (2 - 7) 
This can be explained as: 
l- [fa decrease in volume occurs in the equilibrium system; in the following 
pas reaction: 

ZSC, FQ. = 280, 


alg {ал 

We observe that Ап value is equal to (-1]. In other words, the total volume of 
the reaction has decreased. (The volume of the products is less than the volume 
of the reactants.) If the pressure of the equilibrium system increases (or if the 
volume of the container decreases], the equilibrium will shift to the products 
which are less in volume. It will shift to the direction in which SO, is produced. 
[n case of decrease m pressure or increase in the volume of the container, the 
equilibrium will shift to the reactants which are bigger in volume. That means 
50, will decompose to produce C, and 50... In other words, system will shift to 
the direction with bigger mole numbers, — 
2- If the volume of the equilibrium reaction increases, Figure (3 - В) 

in the following reaction: INO, г INO + О 
The value of An, is equal to (1). The total volume of the reaction has Increased. 
(This happens when the volume of the products are bigger than the volume of 
the reactants.) In such an equilibrium reaction, the pressure increases as the 
volume decreases. In this situation system shifts to the direction where less 
volume results. Thus, the equilibrium shifts to NO, direction with less mole 
number. ІР the pressure applied to the system decreases, the reaction will shift 
to the direction in which substances with bigger volume is produced. In shart, 
the reaction will proceed towards the direction in which NO, decomposes to 
NO and О, 


p | "ung‏ يدهي 


= System КҮТҮҮ 


Figure 2-7 

As a result ol the increase in the vol- 
ume of the container (ihe decrease tri 
pressure], the reaction will shift to left. 


Ce  ›— 


3- [f there is no volume change in the system, for the following reaction: 

Cia * Oi == CO, 
The value of An, is equal to 0. Therefore, it means there is no volume change 
in the reaction. In this situation, either pressure change or change in the volume 


of the container does not affect the amounts of substances in the mixture ard 
equilibrium position remains constant, To sum up what is told above: 


Changing Shift in equilibrium 
Increase im pressure towards gaseous substances with less mole na. 
Decrease in pressure. — towards gaseous substances with bigger mole na. 
Increase in volume towards gaseous substances with bigger male na. 


Figure 2-8 Decrease in volume towards gaseous substances with less mole na. 
Asa result of the decrease im the 

volume of the econtatmer {ibe m- ; - 

crease in pressure}, the reaction 2-11-3-The Effect of Temperature 


will shift to right 
According to laws of thermodynamics, chemical reactions are divided into two 
with respect to their heat absorbing and heat releasing properties: 


l- The reactions in which the energies of reactants are higher than the energies 
of products are heat absorbing reactions (endothermic reactions). Their enthal- 
py change value is positive (AH = +} 


2- The reactions in which the energies of reactants are less than the energies 
of products are heat releasing reactions (exothermic reactions) The value of 
enthalpy change is negative (AH = -) 


The temperature change in à reaction at equilibrium can be estimated as 
follows: 


A- Heat Absorbing Reactions (Endothermic Reactions): 


In the following reaction: 
CaCO, + Energy == Саб, + CO, 

Ifthe energy is written next to the reactants, it means this is an endothermic 
reaction (AH > 0). When the temperature in this kind of reactions is raised, the 
equilibrium shifts to right. Because, here, the calcium carbonate uses some of 
this heat to yield products. When it is cooled, the reaction will shift to left (to 
reactants} to produce CaCO.. The released heat is equal to the heat at the time 
of temperature raise, 


Inthe endothermic reaction below, 


(By elie 
| colorless brown 
Figure 2-9 1 r ' "Wet 
Гоа биене ја балаа orcas thik ph В- Heat Releasing Reactions (Exothermic Reactions) 
ilon shift po dineeticn wheng brown NE, gas 7 , : 
is produced, [Figure 2-94) | In the following reaction, 
Her cooling the reaction causes ile reaction 2CO + Lo P 5 200, + Energy 


shaft vo direction where cokurkes NÛ gas is 
prixluced. (Figure 2-9 FF 


Chemical Equilibrium 


ГЕ Ihe erey ik геп next ce prodaets. st means taz Le reac цена i> ап tw- 
Шет гейип (АН < 0), 


ДАШ Kind af reir, onm Паге А ме um ге рте гаги ге eauses me ecb ey shif 
ro lefi (reaczanis? As A рг, CU, will deze puse 35 an use qae inier aei 

Ween rhe aeazunn is с, ПГ equal aam.nr QF fica re rhe hear ar ib rame or 
the Ferar n: ганды s ill Is released. The диш sIufls wo иши | produis] 
to prodct СЇ}, 


The Несі of temperature on eguilhibrim canstant K ean be summarize: as 
below: 


Exothermic Henetin 


Change 


2-| |-4-Addition of Catalyst 


ulin атау pio reversible reap iong Crises arly cwm ani pe rate af rhe 
ection Wher we add catalyst Fo án equalib iam гей лп, dis praeesse dues 
nor affect Ihe 20ngsnnziions af rhe subslanees in rhe $8 srem. Eur i only ehang- 
es Бие accivalimn energy. And thas wals affeers rhe reaction rate. hi inzreascs the 
average at Forward {E ] and backward (E, 3 reactions rales 21 che same level. 


^s à result. che уш Шули is reacaed ala higher cale. Therefore. addition ez 
бшшш does not abest the egin hbriem puzitiur. The catalyst only accelerates 
reaching Ui pusiu. 


2-12-FACTORS AFFECTING THE EQUILIBRIUM CONSTANT 


Change. inthe 20nzzafj aliens. messe nr volume nr gatta ad pidula ат 
күзга тышка аас Ihe ea3uilihriua рео. Bur thc ratio af *eazlants 
and nroduets remain constant. Геге. Iese changes da љої anes the egui- 
hbrem constant. Спе value et die chemical equilibrium conslane changes oals 
wall *enmiperalure капа. 


Example 2-14 


For the Mlowa equilibrium reacticn; 
zHg, | О, = HgO | 


Р К, Ihe salue ul ABT Is egual r -181 Kl. К momen ax А! x TU", When 
rhe temperature ps гдг ro 5410 ER Las qhe salue or K, Picee i Salle Fan its 
vali e ar QE K nr Ibe sare “eget ict 


Solution: 


The reacting is app eley iC reagia When tlhe Fempierzi res 15 orar], [Ме 
газ лалабат shits їп 1271 in order E compensate execssive heal. Dirutan. rhe 
тантана Of the produces decrease al egqinlibrium. The conzeatrnlinns o7 
the reaclants creas]. AAS a result, д1 SUK che value af A. decreaaza. 


LEndothermic Hesetiom 


Da vou knew thes? 


A^ сш i a sabslance that speeds 
up a chemical react without ee 11 
ретте attested 


Exercise 2-11 
For thy Fell ire алуп шшщ niu- 
nnn. 


AB, m nu åF 


EHE] Lug 
АТК, Fur sali; of AH is яра! 
nr Bap КЇ. Kk. ois En en a Tas [th 
Weer rhe le rape гап i aie In 
Per E, cs thg value nl К. ШЕ wı 
Smaller van ЖЕКЕНИ E fi 
the sarie ien clin? 


Exercise 2-12 
As зеки pni Ihe Pollow ing reae puri. 


CH =H z— CH 
- ode afi = NE 


1137 kJ mnl 


Phe misere aFC.H H, Р сн, 
pases reaches equilibria al 
25%. Explain how vor can m- 
crease the атш œt & Н. 


Example 2-15 


For Ihe aen equilibra reacli below, hal are the elects of falus ine 
Files na dhe диг: position and egulihri uma sarsan" 


NT, M ENF, T All - $8.5 kil 
l= Meaning the и гшти misture iri a closed zanilatner 


Remya эштир M.F. freni ze exguilibirium nisture at erta ternipierat ure 
ин Ыш ыггы- 


l- Phezreasing pressure an The equilihrium HE 31 eonsbanr Tem peraire 


4- Addi cial st 10 Hc cquilalsrimarm mixturc 
Solution: 


l- Fhe valiz at. SH shows Har cle герп 15 an endothermic reaction, There- 
fore. when the reuztinm is heated. rhe eyaabriam will shift In right n pwd- 
pz | app ailer vo Dessen Te gyser rel. The суш гашт constan sill ir- 
crease. The reagan is that wule ce enazenualion of ME, 15 inezcas.nr. the 
concenmralinn of М.К, is decreasing. Because the Ко ri Фи prepadi ryn- 
ш In che amane ar products 43 ib is inversely proportional reihe amaun af 
reagas. Û7 ghe кейт proceeds to che direcliar af products, soie ot che 
reagas wiii cranatern 10 products. In ulher worda, as the concentration ez 
Ihe reactants decreases, che zaneeriratinn nf Tae produc increases. This, die 
equilibrium constant will inerease. Bul here ateention 15 required cal, 25 long 
as Шы remperature я cumsan. che tual krin cunszamt duci nmm; change and 
rents consan. Hur wich emperaire change it alan changes. If Ihe reaction 
shits da гал, the equilibrium cansan will increase. IF Ihe reaction shifts Lo 
lef, ac wil. decrease. 


2- V hen some NF, as removed: ws cancentratian in dhe eauilibriur anxture 
wil degrease. Therelore, Fe syst ill ces bs compensate the loss ATHLE. For 
this. the reachaom will shift co lef. In ether wards. sanie of MF mill raes tonn 
ine S.L Herc the equiliorium eanstant 15 nob н Несе from his change. 


3- After decreasing He pressure an the сце: гашт instare, the system will 
shui co che direcoon with higher mole number. In ce reaction equalinn. we ace 
thal the valuz or ^n, is |. Therefore, Ihe reaction will shift 10 right. Herz the 
equilibrium constant will net be а Несе on pressure chanar ar ads chanas 
an Taz volume of che container. 


4- Addilinn of a catalyst ans decreases the лейли ағ energy. In other words. 
кїл increase Lhe reaction rale. DL aerelure. a CIES: Шш neither clic 
equilibria pasion anr the salue of the equilibrium constant. 


BASIC EQUATIONS 


Equilibrium constant in terms of concentration: 


IGF [H]* 
“ [AN IB] 
Equilibrium constant in terms of partial pressure: 
M es РёхРи 
to PAxPs 
The relationship between Kk, and К. 
K," K (RT) ^r 
The change in mole numbers of gaseous substances in the reaction 


Ап = Dna products) = Ene(reaetants) 


Free energy and the relationship between standard free energy and non-standard free energy: 


AG =AG + RT In Q 


The relationship between standard free energy and equilibrium constant: 


m. | 
AG = -RTInk 


BASIC CONCEPTS 


Chemical Equilibrium: It 15 à dynamic state but not a static опе, [t is а situation which most reversible re- 
actions with reaction rates equal at both directions. Here, the concentrations of reactants and products remain 
constant as long as reaction conditions do not change. Therefore, a reaction at equilibrium seems to be as 
stopped. 

Irreversible Reactions: Under certain conditions, these are the chemical reactions in which one or all of the 
reactants are used up completely. Under same conditions, the products do not have the capability to interact in 
order to re-form the reactants. 


Reversible Reactions: These are the reactions in which reactants transform into products, The products have 
the capability to re-form the reactants. 


Reversible Homogeneous Reactions : These are the reactions in which all reactants and products are in the 
same physical state. 


Reversible Heterogeneous Reactions: These are the reactions in which reactants and products are in different 
physical states. 


Equilibrium Constant Ke : The equilibrium constant expression is the ratio of molar concentrations 
of a reaction at equilibrium. At constant temperature in ап equilibrium reaction, the mole numbers of the prod- 
ucts are writlen as exponents and multiplied. The mole numbers of the reactants are also written as exponents 
and multipled. The equilibrium constant is found by the ratio of those. 

Reaction Quotient : It is an imaginary value for the equilibrium constant. Tt is the equilibrium constant at any 
moment Lo estimate whether the reaction has reached equilibrium or oot, It 15 calculated the same way as the 
equilibrium constant. But the concentrations do not have to be the ones at equilibrium, Concentrations at ary 
moment can he used. 


Le Chatelier’s Principle : When an external factor such as concentration, volume, pressure or temperature 
change affects a reaction, the system counteracts this change. 


Law of Mass Action: The relationship between chemical reaction rate and reactions of substances is called 
Law of Mass Action. According to the law, the rate of a chemical reaction 
is directly proportional to the molar concentrations of the reacting substances. 
The mole numbers in a balanced equation are used as exponents for these 
concentrations. 


Equilibrium Constant Kp : The definition of equilibrium constant in terms of partial pressures is the multi- 
plication of partial pressures of products over multiplication of partial pressures 
of reactants and the coefficients of all gaseous species in the reaction are used 
as a power. This value does not change at constant temperature. It is constant. 


note. This equation can be usefull In x = 2.303 log x 


QUESTIONS OF CHAPTER-2 
2-|- Fill sm the blanks, 


l- In the fullowing equilibrium reactzan: 
ч! il. DINH.) 92 kJ 
Decrease an Eeniperatuie causes зелье Ln the concentiatians of .... ee ss 


2+ Im the Tallowing equilibrium reaction, 
CLE. +2H, = CH.OH, + 127 kJ 
IE hydrogen ian da added tu this jib rawi reaction, the reaction heat is 


3- [n an exothermic euailibrinm reaction, if the temperatare iso. ee ees The egnilibrium pesi- 
lion shifts 1o reactants. 


4- А change IM Оаа doesnl affect the ecquilibrium posibicn ol tlie tol lounge reactii. 


NL GS | BO k = ENO 


5- In the т equilibrium reactzon 
Сы! 2 ICL, 1 Energy 


the concentraten el HCl can be areae í P — RUM DATE Leper alure. 


-lr E. In smaller һа: Bo che suni ef number op maes of reactants iio. ee Lian the suni of 
number af moles nf products. 


T- If rhe rotal pressure is inereased on à resection im which the mele qimer ef pagar pases are smaller 
than Ure male сао Гс er үн йди Ї gases, rhe equilibrium positiém shifla do Liuius sees 


H- The relationship between equiblhrium constant K and the concemradons ar produsts is 


У - n an endathieim reaction. i thie sean eonbainer is вех], ше рае 
rere. 


10- In an endaotherc mic acactiem at dynamic equilibrium, the concentrations of products increase at. ss 
reiperatu1ex, 


2-2- Circle the correct answer 


l- The equilibricra censtanr of euuilibriur reactors а ELS 2144 1, m 222 ^C ix 4.0 7x L7. Afler 


АМ SER, LUE MO. LOIS S4, are mixed, the direztian er Ihe wegi js: 


À- towards reactants. B- tem arda products. 
C- at a dynamic equilibrium D- all answers are wrong 


2- Fe the equilibuium reaction eccuriing in a closed container. 
Catt — CO. tn 
when dues the затна лі ot Cac. increase by applying one uf the lowing? 
\- By eliminating sore CI, gas at equilibrium 
B- by increasing retal piessuae 


C- hy атр sime Cac o the equilibrium. mixture 
D- al above is incerrect 


Chemical Equilibrium 
3- Far the equilibrium reaction Lia + E = MF the equilibrium constant K = 1 х 10° at 200 К. Ifthe partial 
pressures of IF gas is 0.2 atm and F, gas is 4« 10° atm at equilibrium, what is the partial pressure of L gas? 
А- 5xIü'atm В- Ixlü^atm C- Ixl0 atm D- All options are incorrect. 


4- As the equilibrium constant К, is 640,3 at 300 K for the reaction Li, + L1 Lil, What is the 
' 5.28 їнї 


equilibrium constant К. for the reaction 211, = 2л, +1. at the same temperature’? 
A-253 ARI С- 15.6% I0 D- All are incorrect. 


5- Nay, ЭН, = ANH, + 92 IJ K, value of the equilibrium reaction is given as 5.5x 10 * at 25 °C. What is 
the K, value of the reaction? 


А- 225133 B-9x10' C-0.03  D-allare incorrect 
6- For the equilibrium reaction Br, = 2Br, K, value is 2558.4 , k, value for the reaction in molar consntration 
is 1.56 at 4000 К. Which of the following is value of кї 


A-032 B-20 С7# — D- All are incorrect. 


Ы: DITE 


T- For the equilibrium reaction; H.+ Ly = ZHI, , the equilibrium constant К. is 2. What should be the 


concentrations (mol/L) of reactants and products for the equilibrium shift towards products? 


A- [HS 0.1 mol/L , [LF 0.03 mol/L; [H.]" 0.05 mal/L 
B- [HI]* 0.4 mol/L, = D1 mol/L; [Н,Ј= 0.2 mol/L 

C. [HI}= 0.001 mol/L , [1,]* Q.0002 mol/L: [H.] = 0.0025 mol/L. 
D- All are incorrect. 

2-3- Write down reasons for the following. 


l- In equilibrium reactions of gases, Ап, (Products) «Am, ( Reactants), increasing the volume of container 
causes decrease in products. 


2- In the imaginary equilibrium reaction, A, = В, Energy, increase in total pressure doesn't change the 
temperature of the reaction container. 


3- The value of equilibrium constants of irreversible reactions are big. 
4- When К. is 0.3 and Q = |, the temperature of the endothermic reaction increases. 


5» When the temperature of reaction increases while value of А decreases, the reaction is accepted as an 
exothermic one. 


é In endothermic reactions, the value of K, increases with temperature. 


7- As a result of pressure increase on the equilibrium mixture in which Ап = +1, the equilibrium shifts to 
reactants. 


B- Аз some reactions really stop, some reactions seem to be stopped. 


J- In the equilibrium reaction, ОС, 
the temperature of the reaction increases. 


+ Energy = ЗО i + Chu 1750, is added to the equilibrium mixture, 


2-4- Define the following terms. 
l- Law of Mass Action 2- Chemical Equilibrium State- 3- Le Chatelier's Principle 


2-5- In the gas equilibrium reaction, INO, = М0 P 15 ҳа еттт. 
After the following changes аге applied on the equilibrium reaction, how does the equilibrium position 


change? Why" 
l- Increase in the pressure 


2- Increase in the temperate of the container 
3- Withdrawal of some N,Q, from the equilibrium reaction. 


2-6- [n the gas equilibrium reaction, PCI, ig afe T + Chet the value of enthalpy is equal ta 92.5 kJ/mol. 
What are the effects of the following factors on equilibrium position and the equilibrium constant? 


l- Inerease in temperature 

2- Addition of more Cl, to the equilibrium mixture 

3- Withdrawal of PCI, from the equilibrium mixture 
4- Increase in the pressure on the equilibrium mixture 
5- Addition of eatalyst 


23-7- The enthalpy of the reaction, 230... + Oo = 280. isequal to -198.2 KJ. After applying the follow- 


ing processes, what will be the concentrations of SO, „О, and SO, 


l- Increase in the reaction temperature 

2- Decrease in the pressure on the reaction 

3- Increase in the concentration of SO, in the equilibrium mixture. 
4- Addition af a catalyst. ! 


2-8- Does the increase in temperature of a reaction at equilibrium always cause an increase in concentrations 
of products? If your answer is no, what are the factors which cause an increase in concentrations af products? 
Explain with examples, 


2-9- The following equilibrium reaction is exothermic. 
ZPbS,, + 30,,,, = 2РЬО,, + 250, 
Clarify the effect of the following factors on the equilibrium state and the value of equilibrium constant, 


l- Decrease in the applied pressure on the container 
2- Cooling the container of the reaction, 


2-10- An endothermic reaction in a closed container is given. СаСО, = СО, СаО, 
After the following changes are applied, what is the position of equilibrium reaction? 


l- Decrease in the volume of the container 

2- Addition of more Са to the equilibrium mixture 

3- Withdrawal of some CaCO, from the equilibrium mixture 
4 Addition of more CO, to the equilibrium mixture 

5- Increase in temperature 


2-|1- If pure NOCI gas is heated to 240°C in a closed container; it decomposes according to the following 
equation. 2МОСІ, = 2№О, + Cl 

When the reaction reaches equilibrium, the total pressure of equilibrium mixture is measured as | atm and 
partial pressure of NOC] gas is measured as 0.64 atm. Thus, calculate the following: 

l- Partial pressures of Cl, and NO gases at equilibrium 
2- The equilibrium constant Kat the same temperature 


Answer: 
1) 0.12 atm, 0.24 atm 
2) 4x107 


2.) 2- Pow dhe генска, Ps UI, " = Iwi sU hich саге houl ans Talal, лаги presentes were mesure 


d$ [245377 шит and ee: — 1.56 acm ac RE. C at equibibuium. Calculate dhe fit low ine: 


l-K, and K, of the reaction 
2- How do the partial pressures of pases in che equilibrium misture change upon addition at catalyst" 


Answer & 46; U. 2L 


ISA, different алтат af moles af NO amd). were pin in a 


2-13- For the pas reaction, IMO +41, 
| Hier container zb ihe given lemperature. When the reactor. reached the equilibrium, A veas Fern (hab the 


Formes] ad МО «пайы pa 4E E mole and the concentration af D, amd NO) esl eai lier. HER is equal te 
U, md aut male numbers ol GF. amd МЕ belare Ihe rection stared. 


Answer: D = й. mol | NOR T 1.3 mil 


2-14- The gaseous reaction. Is... t 3H, = 2H, p reaches equilibrium ad 3777 7 he eqaibbriun constant 


is given zs КО 71.36. Calculate the equilibrium corstants Eoi ihe following reactions at rhe same temperature 


А Yes = Ne ° AM 
І 3 
Bi A Mu = Has = Мы 
| à 
LI МН. = № ERES 


Answer: à) CLE | BLZ АК? 


2| 5= The кушл iun constant of the Belleair reactions is given. 


Tae Hc H*- Afr Kes 2-00 
СаО + COP = Car К. don 
Ev- 4.7 Г! 


Hite: = H'-0. 
Accordi ре товар above, wha is E par the [а ты equibibrium reactim? 


CO,- Cal, Нот Co’ ACO, 


Answer: 4 [= [r> 


Chemical Equilibrium 


2-16- The cuuilibrium кян тага ol ifie Tolke ing wawt is siver as K 195 at 253060 К temperatur. 
ғ — лү" 
blo 1 Fa, F SIF, 
Y de eoncenirazions of Ihe substances in ihe misure are [CIE] 1.2 M. |Р] М.С] 02 M. 
his will he Ther equilibrium postion? 


2-17- The Follows ing reaction: 
Nit + CO., = Mi + Cu a 
13 ай cquelibrram at 22770. Ac this temperature Pw рты әш of CU ай» rs equal co 304 Torr. What is E, schen 
rota] pressure 14 | arm? 
Caste: d acm 7 ТАЙ Tierry 


Answer: 1.5 


2-18- In te eyralibriim reaction im a chested cantainer, PET + CI "n Ft des 

Lie partial pressure af PCI, is paite Ihe parel pressure if (1. Afler the reactian генсе equilibrinm ut i1 
certam temperature. the partial pressure af Cl. was measured as L atm As K TT, vehat arc the pania! pres 
sures id POL mil ЄС eases before Ihe reaction sianted? 


Answer: 2.8 arm: 1.4 arm 


3-|U- tive [erar procedures hat beg 1o ingrese amount af prodr in the pil owing ми» equilibrium reac- 
tiun which. rs excaliermie. 
чу a “ЛЫП, 

ga. IFI 


3-307 A cam ins bı dle Polls ing reaction, 
со, IL cU. 2 " 


equal — anoles ol EF and IL mere mixed ina 1-ге сидит. V hen Tig reaction reached equilib- 
гглтп ab 2 K, there were 3 moles of pas an dhe mixture As the equilibrium constant ors d, whit anc the 
vonccrDabianis of substances in Hic equilibrium mixture? 


Answer: OTH 7 I mel: [СО] 7[H.] 7 9.5 mek 


2-2)- For the endarhermic rsa tion C.H, 2 C.H, € H,, sime moles af C, H, were put in à LÛ e- 
iner. VV hen the reection reached the equilibrium. it ws "nm el ibat quarter or La H, mae wins изе. Jr RK is 
1/2 For ihe reaction, find iet the canvcenrratiams ol the gases at equilibrium stare. 


Answer: WEE 2 т. KILI- 1T | - Smee. 


2-22- 42 of НЕ vas ма» placed inal lite: closcd contain: at 27 "t and lett ae decampesc unl zquilibr:- 
um veas gear head according no the Анет egnan. 


Nm =U +P. 


А» к. |21, calculate the partzil pressure or HE gas ат equiliheiini (It, —20 тн) 


Answer: U. T6 arn 


2-23. PS ol l mule oM £f gas decomposed m NUI. gas ina [litte contairerat ] anm presaure at 
25 C. Calculate К value ol ihe reacting MI} — INO, 


Answer 1.42 


Chemical Equilibrium 


2-24- For the ralla«ing reactions at LOM) E, the equilibrium constants K depending en pressum were 


gren. 
Р I. ; 
,اج + ا‎ 0 K, = 24210" 


C Fo SO, К. = 3|" 
Calealare che equilibrium санч апе K nf the following reacrinn. 


DO - О... = СО. 


Answer: д, [fF 


Ax a result ced геасин cf CC рах will water vapor gn à -likre ане zontamer at TK, CX дий 


235. 
Н. pases were formed. What is the concencratian af pas mixture at equailibriur a5 equililsriurn constant 
К i 5.29 and Û mue of each of reactants and products were placed in the conta ner? 


Answer: (EO - HO] - 0.605 mal L; CO] - [EI] - 1 AF атир 


2-26- Ihe equilibrium constant nt rhe following reaction: 


NY. = UAW - 
in K 2 6*I0O^ ar 288 K bur ir is E27 H^ ap 32 €. Is tho decamgpiawition reaction ef dinitrogen rerroxide 


eudatherm:zc or exothermic? 


2-27- Por the equilibrium react ian. 

п = 290. 10. 
n was obser ved thal the equilibrium mixture at 25 0. contained |1] 2 41.01 mok, (SEF, — 0418 cals], 
[3C [= fn? malt, When the temperature was decreased to 10170. the equilibrium constant K | «was 
found az t. Tell f Lie reaction is endatlieriniz ar exothermic. 


2-29- Explain the difference Бега eer ACs and Ati, write down the relationship bet een them when 
dows the value af AG become ecual to AG? prove this mathematically 


2-239. As Wa а янгаат о waler is LX TU al 25 ^C and E zur, calculate uie dp value od the wiza- 
linn r2 actimn. 
ILC, 2I 1 CHE, 
NEST S 1 4l Tal 


Answer: 79831 [fimel 


| Ionic Equilibrium 


IONIC EQUILIBRIUM CHAPTER-3 


ACHIEVEMENTS 
After completing this chapter, the student is expected to : 


* [dentify electrolytes and non-electrolytes. 

‘Differ strong electrolytes and weak electrolytes. 

«(aleulate К. lar weak electrolytes and the relationship obtained by partial tontzatron of these electra bytes. 

‘Understand ionization of water and the amphoteric behavior of water. 

* (Calculate acidity value of solutions. 

* Understand solubility and hydrolysis and notice how they change with respect to the type of salt, 

"Understand common ion effect and how this effect is used to prepare buffer solutions 

«Differ completely soluble and slightly soluble salts and he/she learns the factors affecting solubility af 
slightly soluble salts 


Do you know 


Substances like sodium chloride 


and potassium chromate which 
behave as electrolytes in water 


may not show the same behavior 


when thev are solved in sol 
vents like ether or hexane. 


Figure 3-1 

The experiment that shows the 
effects of ion presence in a solt- 
tion, In the beaker, a bulb is ton- 
nected to two immersed copper 
clectrodes, The substances in the 
salution are: 

ü- The aqueous solution of patas- 
sium chromate. (The bulb lights 
strongly as many ions are present 
in strong electrolytic. } 

he The aqueous solution of acetic 
acid. (The bulb lights weakly as 
few ions are present in weak еіес- 
trolyte. | 

с- Sugar solution im pure wa- 
ter. (The bulb does not light as 
non-electrolytic substance is in 
the solutian.) 


| hanfte 


3-1- INTRODUCTION 

Chemical reactions mostly occur in solutions. Therefore solutions aré very im- 
portant in chemistry. In order to prepare solutions, water and organic solvents are 
used abundantly. But in this chapter, we will focus on water-soluble substances 
(aqueous solutions). The behavior of a substance solved in water depends en 
the structure of the substance and the medium it is inside. Therefore, we need to 
understand the principles controlling the behaviors of substances. 


3-2- ELECTROLYTES AND NON-ELECTROLYTES 
An aqueous solution is a homogeneous mixture which results when a substance 
(solute) dissolves in water (solvent). We can divide the aqueous solutions of 
substances into two with respect to their conductibibity of electric current: The 
first type is the solutions which have the ability to conduct electricity, These 
types of solutions are called electrolytes, We can give the sodium chloride solu- 
lion as an example. The second type is the solutions which do not conduct elec- 
tricity. These are called non-vlectroly tes. Sugar solution is an example. (Figure 
3-1) Not only aqueous solutions of salts but alse molten salts (liquid salts) show 
elecuolytie properties. 


3-2-] -Electralytes 

All ionic and polarized (non-ionic) compounds dissociate into their ions when 
dissolved in water. Therefore these are accepted as electrolytes. They can be 
salts, acids or bases. The most important properties of electrolytes are as follows: 
l- The capability of comlucting electricity in the molten form er in aqueous solu- 
юв. 

2- [he resultant electrical charge of electrolytic solutions is equal to zero. In 
other words, these solutions are electrically neutral. 

3- [n aqueous solutions of electrolytes, cations and anions are formed. 

4- The electrical conductibility of electrolytic solution depend on the structures 
and concentrations of ions and temperature of solution. 


maker molecule Sugar malecule Н" 


Figure 3-1 


Ionic Equilibrium 


A- Strong Electrolytes 


Меча ауга of these electrolytes qn waren. dle ЕШ ШИНЕ ЕК 
йен» Well The reason Far this os the dissociation o these elecnolveres In 
Their tans comple by or almas complete am water. The examples For strong 
electrolytes are hydrochloric acid HT. sudiur chloride Ма”, sodium sulfate 
Mets, . potassiem nitrate К POL. sulluric acid, Hl, and. ammonium zh ec 
ride. MELCI We zar shine dhe dissolution oJ ese substinces (streng electro- 
bete pani water Through fhe Fallos inp гт expitiurs 


на 


HCl, —— Hi + СІ, 
NaCl. e Nan, - CE. 
Ма5О, e 2Na‘,, | SOE, 
KNO,. "+ Kn. МО, 
H,s0,, e 2H, + SOR, 


Liencralls there are chree pes nt shone clecirols ics. 


l= Sareng acids, 2- Strong. hases, 3- Айн ofthe warer-soluale sales. This bil 
uf sublines dissuziale Inu Ins zomplete.y or айт curipletely in dilute 
aqueous sulue. Ls Table 3-1, examples fur elerulstes and nua-electzulytes е | 
mre gben As slirani ii he Doll toe exin palis: the eue nri bars af ions ii Une Exercise 3-1 
saluia uf stong vhe alye ape valeh dire ing thi алида ion 


" : : кке Ihe ran сопсеп1гл- 
ul lug elec s12. (Table ar che end ar the beak can be used! fur reterenze. 


tions Por Ше Fuller гп 

Example 3-1 electrulelzs w ДИЕ ДЕШИ ДЕ 
МЕТЕ 

Саі ihe nalar eaneenzranaons of На? and (ЇН dons in d1 3 Р Багит wu 

уйге пип. A) HRı - G.ZAM 


, B) KOFI 7 n. ПА 
Solution: "^ 


2. . А C) tagl 2 | 
Che емип chemical equatina nf strons hase Bart ob], is written, J 


Ba iHD, p we Baz, + 200, 


zHI| 1 


3.43 М г brtial Concentration 1 


йй V - Obs fl 12 (0.03 Wd F p Ltt ar 


Cece mira iens? 


со — DON 006A Rime Concentration 


Ir nieans thal the [Ba | mon once сис ба ihe solibon 15 equal co 0.05 M. The 
[Oli | cuncencratmem 15 equal 1o U. М. 


R- Weak Electrolytes 


Upon diss ulia of these electralvies an wetter, solutions wih kys canduzi- 
Ine pruperz ies furi. The rezson dor thal is their partial ionization in aqueuus 
salutes, We gan pie Pilling examples mr sek elecnolyres Avere ariel 
CHA ODH, ammonia MH . «арт асу Hi CO, Lam] silver chllniule et | 
We ean shes rhe dissalurion af these у Рета мисе paeak eleeiralvresj anm heir 


Attention: When water is 
used as solvent, К. of water is 
hot writen. Hecouse ^s a fixed 
value and shown in equilibrium 
constant. 


Lee mm 


jons in water through the following chemical equations: 
СН,СООН —— Han + CH,COO;,, 
NH, * Н.О — NH, aq; + OH, 
H,CO,, = Hiag: + CO; 


AgCI Aga, + Сї, 


As seen in the equations above, the dissolution of these substances in water 
is possible only through reaching Ionic equilibrium. Each chemical reaction 
representing the processes are defined as reversible reactions, This is shown 
with two arrows opposite to cach other e As mentioned in chemical 
equilibrium chapter, reversible reactions are different from irreversible reac- 
tions. Reversible reactions do not reach any end, This reaction system reaches 
equilibrium when two reactions in opposite directions (forward and backward) 
occur at the same time and rate, 


This state is defined as a dynamic equilibrium, The average rates of forward 
and backward reactions are equal. Components of the reactions react constant- 
Iv and for fixed temperature the concentrations of components remain constant 
and the system reaches equilibrium, For example, acetic acid CH, COOH (weak 
acid) molecules decompose in aqueous solution to hydrogen (Н yes and acctatc 
(CH COQ a ions. Forward reaction occurs: At ihe same time, hvdrogen ions 
combine with acetate tons and form acetic acid {backward reaction), When this 
acid solution reaches equilibrium at some temperature, decomposition and for- 
mation reaction rates become equal. Therefore, all ion concentrations 


(CHECO He CHCOOH) remain unchanged. 


{ад 
fonie equilibrium is shown with equilibrium constant K just as in chemical 
equilibrium. It is the ratio of multiplication of concentrations of products to the 
multiplication of concentrations of reactants at equilibrium, Ir should be kept 
in mind that the mole numbers of components in equilibrium reaction equation 
are Written as exponents, The equation Tor acetic acid decomposition to ions in 
aqueous solution is shown as below: 


[HII CH,COO | 
: (CH, COOH | 


At equilibrium, the molar concentrations of components in solution are shown 
with square brackets "[ |". The numeric value of K is a constant at a given 
temperature constant, 

Example 3-2 


Write the mathematical equation to ealeulate К. value of aqueous solution of 
dilute ammonia. 


NH, ,, + H,O | ut NH, a + OH uó 


Ionic Equilibrium 


Solution: Table 3-1 


As shui in the eguilioriurr equarieri waler гга есу е reet with arimena Examples lor strong and weak 
ап equilib i£ ес Греј, Dut. as ater 15 used as шз ёт. lê concenti arma electrolytes and No 

CF ware rmnleeulas i ch Eger chan rhe chier com po ents? cece асите 
l'heretare, in arder & reach equilibrium, the sonecemrarion cr water cigs 


strong Electrolytes 


ennsrani. The malar coneealrazion ola arer zar he eembined ЗА itk equilihr.ura Strong Acids 
constant. The resulting value ts i constant mimber shown wilh k, The raalar HCI Ваен Һот acid 
саи al "^ um n dilute яаа can E e ls "aber s MLG- HNC, Nitrir arid 
ar ceneceniratien 4The егу of pure mer 7 Ike T, Ike- а} : Р О: 
сн : val i - = Е HEIO Peschloric acid 
-3«] + 1«s16- 18 2 mol HS, Sullur.c acis 
LE ' і 
Br Че Агии at mikiny. M. m Strong Bases 
i PH — Sodnm hydroxide 


M i = 
cT ol, L; KOH Potassium dioxide 


Mig mol; x VL 
(Б: e Ca Caleium hydres ide 
1000 (2, Soluble Salts 
NaCl Sodimm chloride 
18 Eu mol» «1 { Ly KNO, Porassium Nitrate 
Коло, Potassium 5ullate 


55,55 mol: L 
Weak Elect nolytcs 


INH, 1I OH'I Weak Acids 


K ف‎ EIF Hedcofluceic acid 
'Ч \ 
' | NH, 1 H,O | НЕМ Hydro мати acid 
Hits, Carbonic acid 
К. =k, x» (H.O)1= К.х 55.55 HCOCOH Format acid 
K _ INH, (UH ] Weak Bases 
t = | ЫН. Acta 
[ NH, | CH,NH, “diethyl amine 
3-3 DECOMPOSITION OF WEAK ELECTROLYTES Slightly Soluble Salts 
Accarding te rensei- anere acid-basz theory, the substance which denates Abel Silver chloride 
pretan qn urde 10 form qs cenjugaue hase as del med as ani acid. CaF Caleiam dluerade 


ACH == prodon + eunjugpale base 

Non-Electrolytes 
“Ае у] аянт 

С.Н... IC THE 

A hase, aeeordi: * Birenstec-l. ad- Wy. ı3 û ubalance whiz 'B c i Tarei 
 Sezordine te Brensted |.on ry acid ase theory. a a Suhzianez which CH COOCH, Yorke acetate 

accepts a репіеп in order de tarm its conjugale acid. 


ALLIS are tural molecules sech as HC], HS CFI COCHE er a pusitive ion CH ol 
Phe WH, anml C,H MH, vir à tiegalive iun lic AS and H PO us. 


Buse + pralon = Conjupale avid 


The lwa rig bases zar. be uwen is examples et neutral rele ale. positive gon 
Up negative qur. bases. 


UH: СН Cos, FEH OH LS CL HUNH NA, 


According to this theory, the strength of an acid or a base depends on acid's 
proton donation capability and bases’ proton accepting capability. 


As it can be understood from the examples above, each acid has gut a conjugaic 
base with different strength. This is also valid far bases. According to the the- 
ory, if the acid is strong, its conjugate base is weak and vice versa. In aqueous 
solutions, if the reaction shifts to right and the value of (HC) is close to zero, 
the Bronsted acid (e.g НСТ) is strong. The sume is valid for the Bronsted base. 


HCl... + HO, ——- HOP. + Cr. 
aqi rah 3 ^ ай, (as 

Acids can be classified with respect to their reactions with water molecule. All 

strong acids (or strong bases) decompose to ions in water nearly 100%, But 

weak acids (or bases) decompose to tons in water only partially. For example, 

a reaction like acetic acid's decomposition (ionization) shifts to right in an 

incomplete way. 


CH,COOH,.,,, + HO, m H,O t CH,COO ,, 
3-3- ]-Weak Acids 


Weak acids are weak electrolytes. Therefore, in their aqueous solutions, ioniza- 
tion equation can be shown as an equilibrium state- 


HCOOH „q, + H,O, i z Н,О y + HCOO a, 
By applying the special relationship of equilibrium constant; 
[H,O°)(HCOO 7 


E E کے‎ 
“o CHO] (HCOOH) 


K = Ka” [H,0] 
[H,O' 1: HCOO j 
| HCOOH] 


K 


K is the equilibrium constant of weak formic acid or the ionization constant 
of this acid at constant temperature. As mentioned before, the concentration of 
water can he assumed as constant and а general equation for acidity equilibri- 
um constant can be written for weak acid (HAS 


HA a, d Н.О RR H,O E ш A gs 
[HO IA | 
в [HA] 


The mast important point here which requires attention is that this relationship 
can only be written for weak acids. lonization reactions of strong acids do not 


On the other hand, the equilibrium constant values of weak acids are accepted 
as a measurement of their strength. As the acidity constant of an acid increases 


(amount of ionization increases), acidity strength increases, In Table 3.1, some ‘librium reactions, reactants аге 


Attention: While solving prob- 
occur as equilibrium reactions. lems about chemical equilibrium, 
lor changes in concentrations 
af common substances in egui- 


weak acids and their acidity constants are given as example. If the concentra- shown with negative signal " 


tion of weak acid and acidity constant are known, mathematical relationship products are shown with positive 


for ionization equilibrium state of the acid can he used to calculate the hydro- signal. 


gen ion concentration in water. 


In this chapter, initial and fi- 
Example 3-3 nal concentration values only in 
equilibrium will be used. 


Calculate the hydrogen ion concentration H^, percent ionization of acetic acid 
and degree of ionization for 0.1 M aqueous solution af acetic acid. Ionization 
constant of acetic acid (acidity constant) is 1.8x 107 


Solution: 
Chemical equation for acids ionization equilibrium is written. Then, the rela- 
tionship thar shows acidity constant of acid is written 


CH,COOH === Н... + CH,COO ш, 


E. (Н j| CH,COO > 


= 


Я | CH,COOH; 


Here, it needs to be kept in mind that in the mathematical equation above, the 
concentration which are shown with [ ] symbol are only the concentrations of 
iens at equilibrium. Those, as shown in the equation below. are different from 
initial concentrations of ions. 


CH,COOH а Hus E CH,COO..,, 


0.1 V 0 0 Initial concentration 
(0.1 - x3 M x WM XM Concentration at 
equilibrium 


As seen above, the amount of decomposed weak acid 15 (x mol/L), According 
to equilibrium reaction, when x mole acetic acid decomposes, x mole of each 
of hydrogen and acetate ions are produced. Then, equilibrium concentrations 
are inserted in the mathematical relationship for acidity constant of weak acid. 


2 (X) (X) 
(0.1—x; 
When we re-arrange the equation above, we get the following relationship: 


x? = (1.8 x 10 $ <= 1.8 x 10° x, 


Attention: 

If degree of ionization is less than 
5%, method of negligence is used 
while calculating. But if degree of 
ionization is bigger than 3%, cal- 
culations are made through qua- 
dratic equation. 


In a quadratic equation 

(gx hx-c), а, b, and с show the 
exponents of the equation. The 
roots of quadratic equation is 
found through the following for- 
mula: 


("btw (b -4ac) 


2а 


i= 


LC —emm 


The relationship above is à second-order equation. We need to use general 
mathematics rules to solve it. But we will use a different method in this exam- 
ple. Because the К value of acid is an extremely small number. The amount of 
ionized acid 15 too small when compared to acids initial concentration. There- 
fore we can write the relationship below. We conclude the following in acidity 
constant equation (x is neglected in the solution: 
(U.1- xy mol/L = 0.1 mol/L 
Using this value in the ionization constant equation, 
(X) (X) 

0.1 
x -40.15 x (1.8 x 10°; = 1.8 х 10 * 


х= 4 1.8 х 10° - 1.3 x 10" 
[H'j- 1.3 х 10* mol/L 


1.8 «10° = 


At equilibrium, when we compare the smaller amount of hydrogen ion 
(1.3«10* mol/L) with initial concentration of acid (0.1 mol/L), it proves that 
this negligence method is correct (x is neglected). Therefore, generally method 
of negligence can be used if the acidity (or basicity) value of the acid (or the 
base) is small (i.e. 107, 10*, 10°). IF the value of K, ts big (bigger than 10°, 
IG, LO?) this method cannot be used. Because the results will not be correct. 
Then the equation must be solved through general mathematics rules. Degree 
of ionization is calculated from the equation below: 
Cungcentradtion of ionized part of 
oe the substance at equilibrium 
Degree of lonizathon = yi concentration af substance 
Percent ionization ts found through the following equation, 
Concentration of ionized pari of 
ihe substance at equilibrium 
Initial concentration of substance 


Percent ionization = x pte 


Percent ionization = Degree of ionization = 100) 


As in Example 3-3 


The concentration of hydrogen 


ан TS ions at equilibrium E s n тетт 
Degree cf ionization of seid = Initial concentration of the acid — 0.1 ER 
The concentration of hydrogen 
m uM ion at equilibrium 
Decomposition percentage of acid = Tarot concentration ofthe acid 1007 
L3 * Nm 
Decomposition percentage of acid = a ^ Lans 


Decomposition percentage = 1.3% acu 
As the percentage of ionization is under 5*8, method of negligence can be used, 


Example 3-4 


Calculate the percentage of ionization and the degree of ionization of hydroffu- 
опе acid (HP) which has ап aqueous solution with concentrations; 


A» 0.1 M 
B- HOI M. 


(К — 6,810) Explain the relationship between percent ionization and the con- 
centration of solution. 


Solution: 
A- For the solution with 0.1 M eoncentration: 


HF Н FE 


jn ——M 1101 ia, 


The K, value of hydrofluoric acid is much bigger than the acetic acids. There- 
fore its percent decomposition is expected to be bigger than 5%, Thus, the 
method of negligence which we used in acetic acid example may not be valid 
here, So we will salve this question using both methods, 


HF aq; ә H uo Y E ob 


0.1 M 0 0 Initial concentration 
( 0.l-x ) M x M xM Concentration at 
equilibrium 
(X)(X) 
6.8 x 104 = 
( 0.1 — X) 
Rounding up method: 


(0.1- x mol/L = 0.1 mol/L 
In the equation above, if x is neglected, we get the following onc, 
(X) (X) 

0.1 


6.8 х 107 = 


x' - (0.1; x (6.8 x 10*,—6.8 x 10° 
x V6.8 x 10? _8,25 10* 
[H:1- 8.25 x 10? mol/L 
The concentration of hydrogen 


— | ions at equilibrium 
Degree of ionization of acid = 


Initial concentration af the acid 


Exercise 3-2 


Calculate the concentration of hw- 
drogen ions in the aqueous solution 
of 0,2 M of hydroecvanic acid. 


k= А. purto 
Answer: 1x IM 


8.25 x 10? 


——5:1  ^"0.0825 


0.1 


piri ac еди Египт 


Гел или possa pervene vef acad — "qo, 


[гш Sunes уп zd dhe ard 


al 
3 3 


L'ccompasiaan percenuage af acid — OT * HRS = 5 


Ihe acids percent nization 19 bigger than. 5%. [he reason dor this iz the 
acidity constan 19 meger than 19° Eherefure this method cent be used ror 
solution. We «ill selwe ib rough quadratic equauon. (This equation 


bur vices nnb] 
x! - c8 x 10, - 16:8. DI x, 


x5 Q6,8 x PX; (68 x 105, 70 
TIE. cb - dàt); 


2а 


xX- 


68e l0 FF qê» dirty Фуу 6.85 LÛT; 
2 


Throagh solving (he equation. Where are ru ruets. £e iy postie and rhe 
Wher i5 megani a. The перл salue os neglect) a5 0 gn rmeaninpless 0 
enazentratimm vlug ean never be песаси] 


x-7.01 - I0? mol'L -[H' | 


The hs drozen ion cencentraunns in о га П ог acid solution al equiabriam 
are calculated aging boh retical Ji seems that there ts à very big ds rense 
bere der и alr Sanze v zives a wrong result, s e ады] ase thud of nez 
l'geuze. 
ТООККО ЫЕ Thu: cimzentealimn nl кулш ЕН трн run 
: Inicial concencralica of acid 


18. dfe 


IB aree тааллаар арга eb he acus = = blr 


[1.1 


zûnî al ушм ши 


— o quinte 
Mr iu ad « pp nto rop Haz. ae ql 


l'en un salir 


КИИ 
Pureenr in дайып of Fyslruhion £ ae il 7 ae rS 


H- For the solution with DOI M concentration Exercise 3-3 


The second-order equation for this solution 15 as follows: Calculate the concentration of 


a (XY 4X3 hydrogen ions in the aqueous solu- 
SER HE ier Los tion of phenol, C, HOH with con- 
LR ) centrations; 
x Value is obtained through solution of the mathematical equation. A- 0.2 М, 
x-2.29 у 10? mol/L B- the solution diluted by 100 
od times. 


(K- 13x10 
Answer: A- 0.51107 M 
B- 0:51 © 10* M 


Deeree of ionization = РА киз 
Initial concentration of acid 


2.29 x 10? 
0.01 


ag The concentration of lwdragen ion at equilibrium P 
Percent ionization = Lbe-concentration of hydrogen ion at equilibrium „ (yw. 


Initial concentration of acid 


= 0.229 


И 3 A 
229010000 % = 22,9% Attention: Strong acid produces 
0.01 weak conjugate base or vice versa. 


As weak acid's acidity equilibrium 
constant increases, acid's strength 
meéreasses. 


The most significant point here which needs attention is that when we dilute 
acid solution by HR times, degree of decomposition (or degree of ionization) 
increases by nearly 3 times (from 0.079 to 0.229). Because diluting the solution 

is an external factor and the system will determine a new equilibrium state in 
order io compensate this effect. For this, the substance will dissolve {ionize}. 

As a тез оГ this process, the amount of acid molecules decreases whereas 

the ions in the solution increase. Thus the solution reaches equilibrium once more. 


Мопоргогіс and Polvprotic Weak Acids 


Monoprotic weak acids have only one hydrogen atom which can ionize (single 
acid proton). Therefore those has only one acidity constant. But there are many 
acids which have more than one acid proton. These acids are called as poly- 
protic weak acids, ie. oxalic acid (HCO). This acid 15 a substance that has 
two protons with different acidity equilibrium constants. Therefore the aqueous 
solution of the acid has 2 ionization reactions and 2 acidity equilibrium con- 
stants. These are respectively, K K, 


НСО, + HO, 
171 


r (aq, 


===== НО, + HCO, 
[H,O' 1; HC,O г] | 
К = = 5.37 «10? 
(НС. О | 


2. 2 4" 


с=с Él 


HC,O paa, т Н.О = НО, T со T 


жад! 
[H,O' 1r C,O,"1 
= НСО 


Phosphoric acid (H,PO.) has 3 ionization reactions and 3 acidity equilibrium 
constants, (KKK) 


RI ск! 


= 5.1 x 107 


H,PO, a, + HO, ә Ке + H,PO, a, 
[ H,O- ] [H,PO rp 


j ihar? K = -7.11« 107 
Do you know that’ al НРО] 
lf we examine the values of acid- 
ity equilihrium constants, the or- E ? А 
der 15 as follows, HPO as, t HO, T Н.О. НРО, 
Kk (H,O' 1; HPO, 1 к 
جوت‎ à PA A т = a Ен x 
The reason for that is the electro- al [H,PO, ; 


static attraction power is strong 

hetween different charged ions. i : | | 

5o the negative charged suhstanc- HPO, = HO gy = HO’ a, T РО S 
es have a low capability of losing 


positive proton, [ H.O- П PO,” ] 


Ke 480 x i 
rà (HPO? | 4,80 x 10 


3-2-2-Weak Bases 


According to Bronsted acid-base theory, weak base is the substance which has 
ability ro accept proton from solution, Tt has basicity equilibrium constant Ky. 
For example, the ionization reaction of ammonia in water is shown as follows: 


NB НО > NH, T OF „а, 
UN, ONS ia tit 
= = ч x 
INH, ] 


Note that the writing method of K and К, are the same, Generally, the ioniza- 
tion reaction of weak base is written as ionic equilibrium as follows: 


B+ HO, = ВН, + ОН, 


Ionic Equilibrium 


Example 3-5 
Calculate [ОН] ions concentration, degree of ionization and percent ionization 
for 0.2 M aqueous ammonia solution. K,(NH,)-1.8 = 10° 


Solution: 
NH, а, ' HO,  -—— NH, aa, i ОН aa, 
0.2 М 0 0 Initial concentration 
i 0.2 P X) M X M X M Concentration at 
equilibrium 
(NH, j| OH 
y E 
(NH, | 
(XX) 
1.8 x 105- ———— 
е (0.2 -Xx) 


x'-0.2 x 1.8  105-3.6 x 10° 
x -[OH 1-1.9 х 10? mol/L 
The ionization reaction equation is written for ammonia, and molar concentra- 


tions of substances are shown in the equation. Then those concentration values 
are inserted in the hasicity equilibrium constant relationship. 


Allenton: While solving problems 
about weak bases, whether method 
of negligence is used or not depends 
on the rules which are valid for weak 
Degree of ionization = LE concentration of hydroxide ion at equilibrium acids. 

Initial concentration of hase 


1.9 x 107 
LE er e LOEO 
0.2 


Exercise 3-4 


Calculate degree of ionization of 
0.1 M aqueous solution of aniline, 
CHN. (К, = 3.8% 10") 


pian s T , "е Q А i | H Є "ПЕ " 
Percent ionization = Lüs-soncentrution of hydroxide jen a equilibrium „| угуз, 
Initial concentration of hase 


1.9» 10? 
Percent ionization = „ЕЕ x100 % = % 0.95 Answer; 6.2% 10" 


0.2 


2H,0 H,0' ОН: 


а е-9:9 


о Chsper-3 | 


3-4- SELF-IONIZATION OF WATER 
(AUTO-IONIZATION OF WATER) 


Self-ionization of water or auto-ionization of water is formation of hydronium 
H.C) and hydroxide ion OH’ in its solution. A proton can be transferred from 
one water molecule to another in self-ionization of water or in other aqueous 
solutions of different substances. Self-ionization of water is a process in which 
a proton is transferred to other molecule by itself. This process gives water 
amphoteric property. 


Scientifie experiments have shown that water can comduct electricity, Pure wa- 
ter can ionize very slightly, 
H,O, à H,O É——— HO + ОН, 

d 193 1 


i — J~ ag: 


Or in a simpler way, 
HO, = Hia, + ОН, a9, 


Equilibrium state can be defined with a value called as ionization constant ard 
shown with K. 


K -[H' ОН] or K, -:H,O ТОН] 


Hydroxide ion (OH always combines а hydronium ion HO" (or simply hy- 
drogen i ion H^). Therefore, concentration of hydrogen ion г always equal ta 
concentration of hydroxide ion in pure water. Measurements in pure water at 
25 °C have shown that: 


[Н 1- [| OH j- 1.0 x 10? mol/L 


Those experimental values measured at 25 "C сап be used to calculate ioniza- 
tion constant of water K- 


K -rH110H-1- (1.0 x 107; (1.0 x 107 = 1.0 x 10" 


к, value af pure water at 25 "C can alsa he used successtully for dilute aque- 
auis solutions. 


Pure water 15 а neutral medium. That means it is neither acid nor base. There- 
fore, in any neutral solution, concentration of hydrogen ion i$ equal to concen- 
tration of hydroxide ion in the same solution {ТОН 1.0 10^ М}, But when 
we add some acid to pure water, according to ionization equilibrium reaction 
of water, the concentration of hydrogen ion increases and the concentration of 
hydroxide ion decreases (Le Chatelier’s Principle.) 


H 0, = Н ш T OH, s 


In a system at equilibrium, the ionization constant of water, К, is always а 
constant value (1.0 10"). Therefore any increase in the concentration of Н" 
cuuses 3 decrease in the concentration of OW or vice versa, By the same meth- 
od, 1f we add some base to water (or to any neutral solution), the concentration 
of OH ions increases and as à result, the concentration of H^ ions decreases. In 
the following solutions the concentrations of H^ and OH’ ions are given: 


Solution General Situation 25*C 


Acidic [Н is 0H [H'1510x 10°M, (OH ie 1.0: 10°M 
Neutral [H*1-[OH7] ГН) 10x 107 M, [OH 1-1.0: 107M 
Basic ІН [OH ] ІН L0x 107M, [OH 151.0x 107M 
Example 3-6 


Calculate the concentrations of H^ and OH ions im 0,05 M nitric acid, HNO, 
solution. 
Solution: 


The ionization equation of nitric acid is written. On it, the molar concentrations 
af H* and NO, ions are shown. Then, to find out the concentration of OH" pons 
in solution, the following relationship is used. 


HNO, .. Ha + NO, a, 
0.05 М 0 0 Initial Concentration 
0 0.05 м 0.05 M Final Concentration 


[H'] = INO, 1- 0.05 mol/L 
The Value of (OH) can be calculated by constant ionization of water with K, 


HO —ъ Н + OH, 


(0.05 + x4 M xM 


K =1.0x 10"- [Н j| OH |= (0.05 +X} (X) 


Depending on what we have learnt recently, the value of x (the concentration 
af H^ formed through ionization of water) is much smaller than concentration 
af H^ formed through complete ionization of acid. Therefore, by neglecting x 
(x34.05) we can accept its value as O05. M we solve the equation: 


Exercise 3-5 


Calculate the concentrations of hw- 
drogen ions in aqueous solutions 
which contain; 


A- 001 M [OH] 
B- 24x10" M [OE] iens. 
Answer: A- Lx 10" M 

В- 510% M 


WARNING: [OH] and [Н] 
concentrations which are released 
during water ionization always 
neglect in strong base and strong 
acid solutions. 


Exercise 3-6 
Calculate the pH value of the follorw- 


ing solutions. 


AJ) Hydrochloric acid б То м 
H1 Sulfuric acid 0.03 M 
Answer А} 3.23 


B] 12 


1.0 x 10^ = (0.05; (x; 


1.0 « 10H ! 
X= - = 2.0 x 10? mol/L-2.0 x 10^ M 
0.05 
When the concentration of OH ron in thes solution is examined, id is seen that 
the value of x (the concentration of OH 108) is mech smaller than 0.05 and this 
proves the method of negligence. 


3-5-THE HYDROGEN ION EXPONENT IN AQUEOUS 
SOLUTIONS 


Making calculations with too small concentrations of H^ and OEF pons. is dif- 
ficult and risk of mistake is high. A scientist named Sorensen suggested using 
pH (acid scale) to express acidity of a solution in 1909, According to this, the 
concentration is defined with respect to the following relationship, 


1 
pH --logiH = log —— 
ІН | 


[H']- 107" 


One of the advantages of this method is that when the molar concentrations of 
H’ and OH ions are known, the acidity or basicity values of solutions can be 
expressed with positive numbers between 0-14. Besides, the concentrations of 
hydroxide tons are found with the same method: 


1 
OH = - log [OH |= log —— 
P ogi | % OH 


ГОН = 107°" 


Example 3-7 
Calculate pH value of solution which has 0.05 mol/l H* ion, 
Solution: 


In order to find pH value of solution, negative logarithm of H ion concentra- 
tion needs ta be calculated as follows: 


[H'1- 0.05 M 
pH ~ - logi H'1- - log 0.05 ~ 1.3 


Example 3-8 


Athention: 


Кель adaya. in order io eszress conzentral lana 
T pH ul и selatan p 3.30] iw a iz hy ane atiam iof A un ia rhe solutis! ш ether mens. "p^ term is used. 
Üienerslls wal a р belnre ху manl, 
Solution: и niens dhe пешие .orarithni nr the 
хая. Accarding 1o gis. pl J means 


In pH=-lee [Н | relations lajî, pH is mnserizdan irs (sez and cation is solved. : . 
` negative logarithra ot the concentration 


pH == logi H' ] ql H' and pOH i5 пегапуе loganh 
al the cencenztien ob OH. pK is nera- 
3.30] - - logr H'1 tive logarithm. of 10nizatien eontu. 


In the same manner, tie mie hoga- 


By taking the lecarithm of eh sides of te relatiensBip. we get the Falle ing rithm of ionizazion constant of ware 
result: 1 ямо ie pk, -ogk, 


[H'j- 10?" = 5.0% 10 mol/L 


pH values of some substances 


The revatiens ліп between pH and pOH values in a dilulz кошт i1 25 74^ is 
uscd Sulwinnce pH valie 


(Н- OH = K = I.0s 1075 


1 


By raking rhe lagari nl Pah sides of rhe relacions рар. the equation he nw 
rec acl, 


logr H 1+ logi OH 1- log (1x ЦУ, 


By multiplying both sides by 4- Et, we med бас Follow: 


c logiH' 1, с logi OH p -loge LO. 10 '', 


| pH + рОН - 14 | 


This геатр shows заг if pH aad pO values ir апу ате nth lese 
than l4. rhey are hath posilive, bim if onc af hoh is hiager dan 13, Чых niher 
rne is negative. Creneral lv, aH amd pf 2H sales of diate salmiana a1 25 7C are 
as Miles: 


substance General Situation 25 "C 
Exercise 3-7 


Acidic pH € pOH pH eve pOH What is the molarity ef the solution 
I pll uf nitric acid solution is 3.327 


Neutral pH ТОН РН Fi pOH 


Answer: á- | М] 


Basic pH , pOH pH ;7 pOH 


Exercise 3-8 


{агл che values СЕНГ. 
pH and pOH аган el nF aH). 
ЕЕ И ҮЛ Г £r utinn acidic 
nr hase! Whe? 

Answer: 

[H*]- 33-00" 

JIE [7 Bas S1 

pEMI- 1.52 

plr- 12 25 


Example 3-9 


Calculate pH, [OH |, pH and [Н | values Tor OATS М] hvedrezhlorie acid solu- 
Den. 


Solution: 

The Lorazution equation of CI is written. Vee calculate the concentration of 
hydrogen sons. Then we calculate pll value. According tu mathematical rela- 
пер» meniioneal be fure. pic да] [OOP] are feunz ust 


HCI Н". =, 


D m | 


LE 


As HUI Im a гили acid, hemes completely. Thi means: 


| H* i - 0,015 mal: L 
pH = - logi H` | =- log 0.015; =- ( - 1.82, = 1.82 


As aras known. pH = poH = :4. Therefore, pOH - 14.00 - 1.82 - 12.18 
As [H OH 1-10 JU I, [OH | can be сах wahehe 


«ur; 5951077 LOI" as pot mel. L 
ribi 015 


3-6 SOLVOLYSIS 


Tw жин “snb ules" cies a Subsqance Руа hergê рина br ier 
cling with z ADE solvent, The ir pirr salee ysis reaetirins qn em senpe 
fre Whe рыц ив emnes cape E ыза as Rule 2 The ierasti af à substance 
will water 15 called as hydrolysis. Hiér ws сейин include imeraenies 
wilh H and (Наљм Por example, the тё аг ap The ne pareve conmpeare 
OP as aed agh ss ame an caler IO viel nan рг weak acid ах 2 ku of 
Iuris sis A a qeu. HE aml OH Cons om water produce base solution ad 
weak НА ий. | he гыгы ‘£ sheer as follows. 


А` T Hao = Hs ea t PU 


E 
Стрия waler weil nud As ULT iR айин ГАП 
а weak acid Шер. on! Los] becomes babe. 


Lhe zeaction ol аге rum CH CEA wi weber cam be given asan example. 


СР, (15,0. 2 CH,COOIE, 1 OI, 


Equilibrium 


1n asimilar seas. te ant racer cH Le poa ive vazion ef weak base йиш 
acido a nh eater as an example. Меге the resulting эш ииип is acidic. 
^I | Arte IIT. IDA, 


^а re [йип й acid hase ieoa. the zanjugatz base of sien acid 
shows a bors weak hose pep. оптат, the enn рай lage or a çak acid 
shows а sirang haz propere. AT hose propres ars also valid tar haze. 


Willi respect Lo mnrerasctinrrs or sialis an depicts зой ой. et can divile Herm 
iio for pans: 


l- Salts of strane ha-z--ITonzt л 
2- Salis of strong Base weak acid 
3- Sulis uf weak [ase эры avid 
4- Salts oF weak hase: weak acid 


Mow wc will «nns each ot those separatels. 


3-6-1-Salts of Strong Base-Strong Acid 


These salts are Forni (eo рм хш in et girma base ang EMT inc nf 
strane asid. “The дейнп or thes КШ ol salts 1л neue, Because neither pos- 
E ne nor ELE ks ler: wh wader molecules sieniticanth. | nr 
example. m dilute solutian uf Hull irie sah Tormec [roni acd haze gud IEI 
acis salt JFL poses за Аан to gus dons. Besides. waler aulecules also 
ШИ 


Ht 
NaCl ооо Ма? B = ЛТ... 


Н. ج‎ H КП 7 GH 


Sall of strong acid 
and strong base 


Neutral Aqlê 
бит 


l'he aqueras salian ofthis salt aneludes 4 types nr ions. These nrc OH , H', 
Cl and Na Ma'is a саша ин weak acid and it dacs mor react with water at 
a significant level Algo the negative inn of sali C1 isa conjugated weak base 
aral it sors not ЕНЕ wilh water at à sianifican bevel. Aa à resell. ic can he said 
thai the яиц slain Gf яа ся bonned rem sionc bases and streng acids are 
neural. 


Вилли. 8с Йир bong (ose dı neget hase The capalsility re ир s ilh 
ара aril disrupt dae сирем hereeen JI amd Н iong. 


= — 


3-6-2-Salts of Strong Base - Weak Acid 


When a salt formed from a атап base and a weak acid dissolves in water, the 
resulting solution is always basic. The reason is that the negative ion (which 
belongs to weak acid) interacts with water in order to form OH: ion, For exam- 
ple. sodium acetate salt, CH COON (the salt formed from NaOH strong base 
and CH COOH weak acid) ionized. completely when dissolved in water 

as below: 


HO | | 
CH,COONa,, ——= Na‘, + TCH COO | 


HO, == OH, Н 


— a е 


[he Position of Equilibrium Shifa || 


The solution which CH,COOH 
has more CHT- ions 


Salt of strong base 
and weak acid 


“SOLEMN 


The acetate ion represents the conjugate base of weak acid CH COOH. There- 
fore, these acetate tons interact with Hî ions in order te ferm CHCOOH. As а 
result, the amount of H” ions in the solution decreases. H,O molecules ionize to 
compensate the decrease. Thus the amount of ОН" ions increases and the solu- 
tion becomes basic. In order to define the hydrolysis of acetate ions, the total of 
equations above can be expressed with a single equation as follows: 


CH,COO , j Н.О оа CH,COO Н, m OH ay 


The equilibrium constant of this reaction is called as hydrolysis constant. It is 
shown with K, 


[ CH, COOH] ОН 


[(CH,COO | 


Generally, the value of hydrolysis constant of a salt formed from strong base 
ard weak acid can be expressed as follows: 


In the equation, [HA] represents the concentration of weak acid, [OH] the con- 

eentration of hydroxide ion and [A] the concentration of negative ion of the 
salt (initial concentration of salt). 

The value of K hydrolysis constant can be calculated through relationships known 

beforehand. For this, numerator and. denominator are multiplied with [H]: 


[HA1[ OH 1 
K, ГА | 
ІНА ПОН | [H'] 


$ [A] бн 
. [HA] ТОНН] 


(ANH 1 — 
1 к, қ, 
x I = = پڪ‎ 

KHA) 1| КУНА, 
The value of hydrolysis constant for any derived salt from astrong base 
and a weak acid K, 

К: K (HA) 
Example 3-10 


What is the value of hydrolysis constant (К) of sodium acetate salt? The acid- 
ity constant of acetic acid K (CH,COOH)- 1.8» 103, the ionization constant of 
water, K =1.0= Lr" 

Note: As К. is not given in such questions, students need to know it by 
heart. 

Solution: 

Sodium acetate salt is formed from strong base NaOH and weak acid 
CHCOOH. Therefore, if the acidity constant K of weak acid and ionization 
constant of water KR is known, the hydrolysis constant of salt is calculated as 
follows: 


K, 1.0 «10. 


——EWEETLC-CTLTIMT-56:10? 
^K. CH,COOH, im "a^ 


In short, the hydrolysis constant of any salt formed from strong base and weak 
acid is calculated through the following relationship: 


| K, | 
| K, - r3 or PK, = pK, - PK, 


Chapter 30 


К. i3 dhe acidity constant oF weak acad that Forms salt. pk , 
pe. ph arc the negans e Гарат of к K.. Ko. salues сэр. Thy 
х а» a Н! апай Dus а вагу tels rip ghia Kot) or ааш. 
Веганын: the їлп of HA and HH animes Татты] as а resur nt hydrolysis are 
equal can cunsuilez [XT is equal ПА [2] |. The molar ermezngralion af ап 
in rhe sobnim is Trl 


[HA] [И [Hay k. 
! [4] V Е. 


| К 
IH |- [cx — nr 
. . А 
Attention: If pi and [I] is 
asked In bez лішак, students 
càn choose which exquabisin ba Iz [I] 7 COH] 
used. Any a£ Ihe twi relution- ' 


ships van be used in esdeulauon. 


nr 


| 
pll 4 Ipk, pet luz] 


Exercise 3-9 Example 3-11 
М "al "а . a " ы " АЕ ы; ло 747 

Calculate che cunzentzatiur. eT balus- Calculate pH »alue al 9.0. Tel sodium acetate sall al 25 "4. 
ide ims qu ЯГ mul Г. potassium evil- RACIA LT ES Dunt 

nile, KC. sall aqueous sal lim. 


KIHOSI-4 10 ias che 


Solution: 


| | Мы ы Wie flange relationship bo аши а pll ofthis salt эи], 
saluran acidic ar Каш. 


Answer: Lela ITM pH - pk, + pK + loge] 


The salt as hasiz 


Jt-logk, -logK,: loge] 

pH = jeg у 10 !5- log, 1.8 < 107, + logü.(1 | 
1 
2 


(44 - 474-23 - 8.37 


3-6-3-Salts of Weak Base-Strong Acid 

Inthe second type o£ hydrolysis се tans. postawe tons ub all с1а Felons 
te weak based react wh OH gens m waler. 1 Form non-disintegrating меллЕ 
hase particlesir addition ta H^ ions. This reaction disiupts пк алуа, ца 
таш A ard (IH дил. 

AA а гояи. [Н ian increases and ihe solucion Magones Аис. 

Therefore, ammonia с гога salt YH CI dsalt ented From weak bass MII 
amd strong acil HEP decim poses complere when cdisesol vex 

in wate aa folles; 


. I: X . 
SELCI e ЫН, ed aes The solution which 
Ha, = qut „ї H - has more Н moni 
NH, + HO 


Алига ion nhe eonpirate аса e£ weak Base WH 3 reacia wah OH ла 
p rexuee non-inize МН and BH 13 mndeeules. This reaction zona lez СН inna 
Inthe nedum. l'herefore, to cumpensate this decrease and esteblish a mew 
jequilibzium. Н.Х molecules nire As; result, the итеш of Н ancreases end 
Ihe: saluien bezorne s acidic, 

In u*dei ru define rhe edial yis uf arminumin jun NIE, mal салт rep 
rese nine all of Ihe реале ahzxe can lez wrilien. 


Salt of strong acid 
and weak hase 


SITE АШ 


Solution 


NH, UCR = NIE TUG 
[NEL] ПО | к 
К, = Ми] = к, 


К... : 
E, = К. Relationship can be preved. E as the ionization constant ub wek, 
hase. Besides a seneral euim ех поча heedrobests ofthis kind id salts zm 


be wrillen as dal ex: 


Exercise 3-10 


Calculate pOH salue ot U.S hd ammo- 
nium nitrite (MH PS ¢ sulution. bs the 
solution лс or Baie’? 


ipK, (MH bo 3.41 


Answer: $22, The sul atium is avidly. 


|. 77" Chapter-3 j 


M'+ HO MOH + Н: 


(MOH ;H*; K, 
[M 1 k 


| HH] represents the enacenrarinn nf weak hasc. |Н | ennzznuratinn с” 
acit ior thal formed trom reactinn [51] fnr anh drolyasen sat 

Ag | MH | aad |Н" | are tented Игил hydrolysis ul salt inelezu es. 

iheir conzentea2ttuns in the salt solution ame equal. 

Еп“ Ihe арып wih [c] molar eencemral cn 


We ger the tellowing nelanonshep Iran above ecuacion: 


Bs taking negate earam oc Holl sides: 


| 
pll = [pK - ph, - lug] 


К, rzpresenTs Cie шшр crea oF tlie wegh base v bish the sal ps Paned 
inim. 


Example 3-12 

Va as thy pH ofi. met Lm pen mni chloride solum? 
EMH, 1- 1#- 1]? 

Solution: 


We need te knew dhe Ба сасу eonstaet of weak base and the ionizator eon: 
stant of waler te And pH of solution. Then thy tolbewing relatinnsliip is used tn 
zalculate pH: 


| 
pH - — [PK - pk, - Па] 


pH - 51-108 K, + log K,- logi 


5! log 1.0 x "y+ logg L8 + 1073 - 1eg0.2 


pH- 314 474 , 07,,-4.98 


3-7 COMMON TON EFFECT 


We have studied the aqueous solutions of weak electrolytes and their behav- 
iors. In this chapter, we will study the behaviors of aqueous solutions with two 
electrolytes (one is weak), The similarity of these two electrolytes is that they 
have a common ion, The concentration of an ion in any solution can increase 
as a result of decomposition of added compound into its ions, The ion which is 
present in the solution and added compound is called as commen ion. 


At this level, we will focus on the situation which the electrolyte in solution 
is weak and added compound is strong. As a result of addition, a significant 
amount of increase occurs in the concentration of common ion. This increase 
сап be understood when the concentration of weak electrolyte is compared 
io the concentration alter addition. Disequilibrium results from this process. 
Therefore, the solution forms a new equilibrium. 


When some amount of ion is added to weak electrolyte solution, the ionization 
of weak electrolyte decreases, This phenomena result froin the establishment 
af ionic equilibrium again in electrolyte solution. This is called as common lon 
effect. This situation is a result of Le Chatelier’s Principle. 


Example 3-13 


How does the concentration of Н” ion change when $.2 grams (0. 1 mol) sodi- 
um acetate salt, CH,COONA, is added to 1 liter 0,1 mol/L acetic acid solution 
at 25 "C? K (CH,COOH) = 1,8107 


Solution: 
The ionization equations af weak elecrralvte and added salt are written. On 
them, the molar concentrations at equilibrium are shown. 


CHCOOH == H'a + ССОО 
Initial concentration ОЕМ 0 0 
Concentration 40. 1- x) M x M хм 
А ilibiri ч . 
ااا ی اي‎ CH,COONa, —» Na’ + CHCOO 
Шу DT Y pai 
Initial concentration ü.l M ü Ü 
Final concentration 0 DIM отм 


Common Log 


lonization equations show that common ton in that solution is acetate ion. Be- 
cause it has two sources: One is acetic acid (weak electrolyte]. the other is 
sodium acetate (strong electrolyte). The concentration of common ion is found 
by addition of concentrations result from ionization of both compounds. 


In order te calculate the effect af common ion, the concentration ol H^ ion in 
0.1 M acetic acid solution is calculated as below before the addition of sodium 
acetate: 


Exercise 3-11 


Iw does rhe игил dee:ce nr 
hase ehange when 2 75 prams O * 
mol | annnm ehe de gali is akel- 
wed pa fd RT ИЕШЕ saliara” 
КУНДЕ 


Answer: 


lization degree al are ase is 
greges Ihan Å limes. 


ПЕПЕ СНТ agp 
К = 18 б (К = — = — 
' [CHECK | (E - х1 


We get dhe follwing and apply the пто nr negligence 


. eu) 
Коон е ——— 
| (0.1) 


x (KI E (ER НК у L8 x pn 


eee Ла" 


[1] = L3» Br mal L 


Then, ater ийа sadi acetate np iin gern. Пе Corte раг іи e 
H' ien in асі snlurin is naleulared as folles 


[Н ] [CH CR] 


KE -14 MF = 
. [СИ СООН] 


CxO + (og Es 


HET - x ОЛКЕ 
x" = 1R х 1907 mol = [I] 


WEEN we enarpace the emmeenirarinms e£ H^ inn hetfore and atter {слап inn 
eža additus t salt. we see dhat Ihe zancentpuin decreases to | c dn 
mnl L rem 1.3. Iu mnk L. Ге ceasan Гат rho due io à zem um ion Jacetale р 
presence Belew corna nds, the rAd al исан avid decreases Ix 
aulici iani uf sud ium wee lile sll. 


3-8 BUFFER SOLUTIONS 


pli values uf shone acid and Dase solutions can be calculated easily гезен 
heh ing er cuncenrerens Avvcuc ding pe Hus, the pli salie Ж ЫЛЕ ЕР 
chloris acid is equal ш 4. Bu this walur clans consideiazly exen a small 
sari up uf ape substi ps Шея аии The sapie ps albe valid foi 
biss slugs For sari e. thie pH sale gf 1 M annonam acea salt and 
sodium гие Salt solution `5 Saale, egual iu 7 Why? But when 
a amall агыш] o7 Апи acid np hase qs added in this solution. its Pelai ieu 
vhanges Bezause lisa 10M | nib HET sm uliun is added 10 1 liner sah sulu 
Lini. Le pli af Mal solutiua betes 341. Bui the pH af CIT COONH ehang. 
e very slishils 


и nran su TUS. I duri edes is abuses ed But iene ace po ves gue 
minri Si Tu pens 


r Equilibrium) 


l-A solution formed from a weak achd and the salt of this acid (e.g. CH COD- 
Na and CH COOH) 


2- A solution formed from a weak base and the salt of this base (e.g. NH, and 
NH,CI) 
à 


There are some reactions occurring in scientific laboratones or іп industrial 
processes or in bodies of living beings which need the pH value to remain con- 
stant upon addition of small amounts of acid or base, For example, mast of the 
metabolic activities occurring inside human hody are sensitive to pH values of 
body liquids, Transportation of oxygen and activities of enzvmes in cells can 
be given as examples. Therefore, our bodies use a compound mixture called 
buffer solution (the system preserves from pH change) that preserves pH value 
between certain limits. When а small amount af strane acid or a base is added 
to a solution, the resistance of H* ion to change is called as buffer effect or buf- 
fer action, and solutions which have this property is called as bulfer solutions. 


[n buffer solutions, generally two interactions occur. First one neutralizes added 
base by interacting with it The other ane neutralizes the added acid. This way 
the buffer effect of solution occurs. This kind of solutions are generally formed 
by mixing a weak acid and its derived salt or a weak base and its derived salt. 
The buffer solution formed from mixing acetic acid (weak acid) and sodium 
acetate (salt derived from acetic acid) is an example. In order to observe how 
such а solution resists to pH change, we will examine the effects of addition of 
some strong HCI inte buffer solution and inte pure water. 


Ав а result of addition of some strong acid into water, a big increase occurs 
in the concentration of H' ien and a big decrease in the pH value of solution. 
Иш an addition of same amount of acid inte acetic acid-sodium acetate mix- 
ture does not result іп а significant amount of increase in H^. ien concentra- 
lior. Because this ton does not remain free in the solution but interacts with 
CH COG тап from sodium acetate in order to form acetic acid. Thus the pH 
value of solution does not decrease but remain almost constant. 


When some amount of strong base us NaOH is added to water, as a result of 
complete decomposition of base, the canceniration of OH ions will increase. 
"Therefore, the pH value of solution will increase. IF the same amount of bese 
is added to buffer solution (CH.COONa and СНСООН, the OH ions cannot 
remain in the solution but react instantly with H^ ions from decomposition of 
acetic acid and form water. 


As a result, the pH value of this mixture does not change significantly. With 
respect to What is mentioned above, buffer solution neutralizes as it reacts with 
components af added strong acid or hase. 


Thus the pH value of the solution remains constant. But in fect. when HCI is 
added, the concentration of acetic acid increases а bit. This is a weak acid 
The increase in the concentration of solution causes a slight decrease in pH of 
solution. On the other hand, the addition of NaOH to bulTer solution causes 
formation of sodium acetate. The increase in the amount ofthis salt results in à 
slight increase in pH of solution. (Why?) 


Do you know 

(Ау When  hreathing 
stops, it increases the 
amount of CO, in the 
blood, which leads to an 
increase in the amount 
of carbonic acid and a 
decrease in the blood 
pH value, (Ву When 
breathing quickly, the 
level of CO. decreases in 
the bloodstream, as this 
leads to a decrease in the 
amount of carbonic acid 


and an increase in the 
blood pH value. 


lL Chapter-3 | 


We will examine the equilibrium position of weak acid HA (or weak base) 
solution and the reactions ef weak асай salt. 


НА ———— Ho +A 
пн c — qa га 
M +A 
(з caqi гац) 
Here the equilibrium position is as follows: 


K „гаг g 
°" THAI 


[HA] 
ГА] 


If we assume the [H'] in solution as very small (as а result of common ion 
effect which works to decrease weak acid's decomposition), we can simpli- 
Fy this relationship (after applying method of negligence). In equilibrium, the 
concentration of unionized acid will be equal to initial acid concentration. The 
concentration af [A] in equilibrium will be only equal to salts concentration, 
Therefore we can rewrite previous relationship as follows: 


[H';-K x —— 


[acid] represents ihe concentration of acid, Whereas [salt] is the concentration 
of salt. We can re-arrange the equation by taking the logarithm of both sides: 


b 
pOH - pK,- log = T - pK, + log 


By the same method, it is possible to derive a relationship that defines the equi- 
librium position of a mixture formed from weak base and its salt, 


In the equation, [base] is the concentration of base and [salt] is the concentra- 
tion of salt, 


A- When respiration stops, the amount of CO, in blood inereases. 


As a result, ihe amount of carbonic acid increases and the pH value of blood 
decreases. 


B- During breathing heavily, the amount of CO, in veins decreases. 


As a result the amount af carbonic acid in blood decreases and the pH value 
of blood increases. 


Ionic Equilibrium 


Example 3-14 


Calculate iie canreeriranan ur HF ionis arid pl] salue el ihe sulauun etf ü 1 M 
apelier Acad ami] 0,2 М sation acetate K CRI CO] Б, 


Solution: 


We gan ase ie rahermamzal selling ehe e ns cealeulare The curie an ann 
pF ms mi pb] sale uF iie risi of onm acl arl its salt The misture 
Has gol ШЖ solution prupegite. ЕТЕТ 


: [acid] 
[Н 1-К + —— 
[ salt ] 

[асі = Тм. KH COUGH] 81.8* Hi and [sal ALM 


We gel the пел к helas : 


0.1 
+ x 10° — Y0: 10° 
[H*1-1.8 -10 03 9 0 + 10 


We can calculate the pH af solution using the Fellow me relationship: 


pH --logrH:| --log$9.0 - 105-5.04 


vr Using Hoe adl us i equation iret: 


| salt | 


H -pk -log == 

P РА, 5 | acid | 

АЕ ph --Inak, 

pH - - log 1.8 x10 + log 2 


PIT- 4.74 1 log2-4.74 1 030- 5.04 


Hei? we cen cenare te cure ratam ef LE pns and pt] salue at ТЕ ТЕТ 

IhulfTer selu ioni wath dee zalevlated salves ef Малу acid. This eempar- 

men PD] - 1 35 Hn Noam н 2809 respecting ly 

Example 3-15 

vaa ТИШ hedhe vomer ratis Û anrea wh boride iv Aadu Lir eo aant nes Ля ndn 
al акларат га іе CL) Sp. sn Har Ue pli value ur The чаи ап is equal bd? pk, 7 4 74 
Solution: 

pH pOH-14 

po = l4- pH = 14-9 = 5 


Exercise 3-12 


5.5 M хита acctate sale Feriis 
л buHer solution with aeenie acd. 


«ena auld hie the катып ain «E 


лесі пг Tor ihe soluti 10 hive a 
pH value of4.3T Ы СИТЕ 


Answer: (L3: M1 


The AH salue ot rhe кешн «with à pH salue of tE ps equal ie 5 rl]. Ehe snh.- 
tian gF amrmenia and amem chloride is a hirder soluan. Therefnec wc 
can calculate sims Еле previos mathematical relator ships. We can пас the 
talhe nyc relation-hip. ror the sev ulion oz weak base amd ats sali. 


It] 

OH - тк + {0 [5А 

d d : [base] 

5.00 = log L.8 s ТТЕ i log salty 
1.1 

log 18812 _5 474-026 

0.1 
[salt | 1095-182 
0.1 


salti- 0.1 : 1.82 = 0.182 mol: L 


Example 3-16 


Calzilarg the pH sate eT wee sb urieg Ттт] afi dcin of | l. art | 
hsulreschleriz acid алт me | lirerrr | МА aeeuc acil ando | Bil діт act- 
гагс haier selurien. p = 4 74 


(Mote: While solving Ure questo, gmane the volume change in solution асс 


e e 4 1 . p 
after addition of strana acid ûr hase.) 


Solution: 
The keter solution formed Ex сей acid and sodium acetate can be expressed 


by Following, equations: 


= 


CH, COON == EICO O ay. t Mian 


CH,COONa,,, CH COO. - Nai. 


l- The stunts (mele numbers af sezimim acetate пй асе agil m solution 
before adc ien ul sirung acid тё calculated a Fallos: 


Миг ишш ит otf жи acelin | [uei solucion — Bde acoso ^ VAT S 
DE meld + | I. TRI mol 

Worle “umber Наги Hier а. т чеч 7 vig 

Ul mH. - EE НЕТ 


2- HC lace! dezeriposes coripletely as m Ihe bellowing equi on 


HCl — Cl Н: 


pads а] | | E DE 


m Ionic Equilibrium 


In arder b produce H7 inns equal 4o Lhe added 3mount of ac Exercise 3-13 
My WORT Hol number ob JI ions equals r ve added amount ol acl: Cakal values of pl of tie i- 
bewing: 
LL 
- I mal l. > КҮП > 0 mL - 0.01 inal A- | lier buffer solution ix freed 
m tiom I анил. MEL, aml 


MIR aucun vhloride MH EI 


Н" jens produced tram decamposnmion of WO Leeman] wth the same amount 


uf azelale ions bo pruduee Ше sanie aniuum of acetic acid. B- Calculate the charge in value 
3- The dês aml concennar ars of acerare iem and acezie acid aie calcula BP ASCs ипе шг атт 
end as follows acr addiyiam abdinya HW o Timm sulfur agi, 
. : . Е ШЕ) TS Iie pe чим. 
The aria of prnduzed Н iens -qhe amman nr eerie acid before лип 7 ph "n 
Che amount of azene azid afier additinn Ж 
- fl mol - 64 mol Answer: 
AR 
- 11 mal BO UG 
ApH- -U.2 


nmol) (1J ,mol, 


E = 11 LT. 
Y (La l ¿L5 ш "mm 


LCH COOH] - 


Thy ameunr of ролуну H iens -hg anon vi ndi eea betae sadli- 
Lon = The лшн. er odium acerale atter add іса 


- 0,1 mol - 0.01 mol 
- 0,09 mol 


nmol, (no u mal , 


“CE COO: 1 -—————- - 0.5 1 L 
4 l Yil, Lil, н 
4- The spexial euatian te calzulate pH «aloe in buffer solution is applied ах 
fallas х 
: salt | 
H - pK -log Č 
P P 5 ас 
- 0.09 
H-4.74 . lo 
Ж Бсү 


pH -474-(-00Н7у-466 


3-9-SOLUBILITY AND SOLUBILITY PRODUCT CONSTANT 


Сорил of solids in sacer ims accepted us one ef hs imperant prezedures in 
кылг. Because seluzilitx of anx ionic substance deperds ur the difference 
bere even rhe ars or enezge necessa ro hieak rhe honda emr inne 
тиран Hig manes rud papige nzlzascd mE талайт and Byd ier. 
Therefore solubile of substances water differ. 


Тп 15 chapet. we have shied che hehe ors er subsranees dissulvecd inner. 
Bet зеге are miany substances v heel are хл лу soluble on wiler. Fe S.L- 
Ку ul these substances depends on ап euyjuilibrium slale Белеет the soli 


ol‏ :77 ے 


Do you know"? part of the substance and produced ions (between the decomposed and non-de- 
fiae шешн аи aci ar Из composed), This solution is called as saturated solution. The dissolution of a 
mixed with cadmium nitrate solution, a Slightly water soluble substance can be defined as follows: 


suciliment called cadmium sulfide forms. 1 n 
i AB + НО, а A +B 
(ni 27d, (aq s пы, 


(NHS 2 Cd NO 
The equilibrium constant ik.) oY this equilibrium reaction 15 shown with the 
Uds + 2NH,NO, | Following relationship. 


„Аз 


Cadmium sulfide, which is а slightly sol- gg LA I E] 
uble salt, 15 used in. production of yellow E 
dye used in paintings. = ГАВ HO ] 


We assume that the concentration of [ AB] remains constant as the compound 
dissolves slightly in water and only a very small part of it decomposes. Re- 
sides, ss the solvent is water, the concentration of [HO] 15 assumed as con- 
stant. Therefore, the previous relationship can be re-arranged as follows: 


K LAB І 
Because: 
K, - K rABIrH,OJ 


The value of К. is called as solubility product constant. This value remains 
constant at a certam temperature. Solubility product constant is used t6 express 
(or measure) the solubility of slightly soluble salts in water. The solubility of 
a compound is directly. proportional to its solubility product, Generally, the 
solubility product of a slightly soluble ionic compound is calculated through 
the molar concentrations of inns making up of the compound at equilibrium (in 
saturated solutions molar solubility is shown with —-3. When writing solubility 
produci constant in equilibrium chemical equation, the concentrations of ions 
formed from decomposition of compounds are multiplied. Mole numbers are 
written as exponents. The molar solubility of slightly soluble salts —- is de- 
fined as the molar concentration af ions formed from decomposition of salt in 
solution at equilibrium, 


The solubility product constant of salts like AgCl, BaSO, and PbSO, which 
have two moles of ions in their solutions is expressed as follows: 


К =sxs = 8? 
ip 


The solubility produet constant of salts like Ag, 50, or CaF, which have 
three moles of ions in their solutions is expressed as follows: 


K_=sx 2s; = 45 
» | 


The solubility product constant of a salt like Ca (PO, which have 5 moles of 
ions in its solution is expressed as follows: | 


К.„= (38? х(2ву' = 108 5° 


Ionic Equilibrium 


Lhese rules are applied only ss hen za sararae sedia ef ПЕШЕР soluble 
sah as at еуин. 


Example 3-17 

Ач the So uhr у product arisan of lead ullae salt PRO, 1s = | hp 
v a e he oki мл of PESCE? 

Solution: 

Fist. rhe chemical equilibrium equation fur alsa bitin af bis, is sw rirren 


P150 2 Phe | SC КН 


Lets assume that tie molar solulalite of PbS) salt iss каш]. As seen im tlie 
eu adiu n, when Û cule af Ph is dissabeed. | nghe af Pb^ amd | male af SC, 
won ape Tuned inches scoop Depending on this, sulubilus constant P ae 
willen malhemaisall as folles. 


PbS 


4 FEES 


Pb " SO Exercise 3-14 


{лга The &nlubilils peau 
simol/L; зело | and MJ BI 
constant nf Ag Ci. sall, as die 


= zi : лышт АП ига nr I birc silver 
К, р in 8 5О, i ehromare, айтар Ф215 g sali. 
E =+5 = = к= 1.6; 10" i(M-332 g mall 


ip 


$ -a | oy 904 - L265 107 mol. L 


Example 3-18 


Answer; 1.00. po 7 


Calculate (ys sole bility prestuzt constant ^. cet Баа), sal as T lier ssturated 
solution cf Bas), contains O33 ag Нах) IM 7 253 g moli. 


Solution: 


First, chemical кышт zquatien For андыйн vf Hasit, sull 1s тїп. 
Then. the mathematical zxpressiri fur solubility product zonstüm hoi wril- 
Len. Frani the solu bar цу value of sali iU HET 5 & LF, the nol жой” ace tinok LI 
aed rhe conceals ed iens qm sedumien ean Ie galei ied. Am equilibrium i 
карун өнд vue алтар amd раа um El prts uf clits sûr iıı 
ars Sapa AISA Alur en as Tolles. 


BasO, c Bat o £04, 


Чч — 
K, =1 Ba” i150, | 
(M - 233 gi mole; Bast) 


= 


eo qula solubilip: (hl — 233 2 clot BaS ts vale ulated depending au 5 
„Миз ; 


T; mel ; Bast, 
"tolar sululilitv of Eas = sulubilitx of BasO, (Ly : 
433g; Bast 


Exercise 3-15 

мепа is iue lowest {oH 
аамин гыттап Iron 
КЕШЕШ ЩИ ШЕ 
гант 2,177 AL hirli. 
iF aileguosit Iri тргу 
Cmn FeloB), begins Ia 
appear in the мп, 


К дену 5102 


Answer: 4 & 


l mol; BaSC, 


s BaSO, cmol’ L; - 0.0025 (g. L) « 
233.) Ва&0, 


s BaSO. — 1.1 x10^ mol/L 


Bac nnd S^ anas are Гаспле om dissolution of Basti, as shown in the 
ецш abriam ецца ина Therefnrz. 


E aM p, Ha + S307 i 
1.1 «10^ 1.1 « 10 ^H 1.1 « 10 * 4 
That mers, in the some solution nl This sali; [Bao] = [мл + = Û rs Horn. 


These ъайш аг inserted in rhe mathematical relarin whip ter solubility prod- 
чел consin KK, 


K, I Ba^ 180^ |-(L1:107,01.1x1075,-1.2:10 "^ 


lumine prog curetanr EK. асра as os арзусу sulubilim a 
turpis vehe aie dieiis ana миш Кетте he soleil wala yn- 
ables us 76 makz sire id рге іре agen nf ihe. subsite 1s complerend or nnz ir à 
piece gulam piesi. Mae produsi pwultiplisanieni ef gence iens of ions 
wf i [nexipibale ura sehen is айт Vaan the zulabilie рий ш 1 до ы x7 
(he recipi, precipitan saris. In rhis pwacess, the inns ar the piecipirame 
accu ан quul zu m ыр грр 5. El af pac podus nr comen bara 
gË nons ct PINS qp» khas risa th ses ulnilire pialat ШЕПП ob the Shy pie 
rare, Ihe molecules of angcipirale stant апели. Whee ife злих реи 
consi bos cupa Fn che риа of beng, the solu Кир Sarurales There- 
fure, айди bum is exa i anu] Дм д ades ed soljo arl precipajn «7 
the preciailale. 


Example 3-19 


As the Hace ion F enncemraling in ай агыт i 27 0 BÀ, vehi slim ıl be 
ie FMT каЙ ы iun ene азат ip chit snum fup CaF . mill 1 poe 
capitate? Ch zg5xIn" | 


Solution: 


First, the precipitation equation for the zaleium Aande salt is rien. | hen, 
che aialhemalizal relstiunsaip Br ic solubilils conan is writer. 


Ca, г Сах -F 


ET har 
Ag known, the repin sarts when the prodact uf concentrations uf ions 
et precipitale 15 egual te ezestter (hin olay cunsranl. 35s che zorniceatralion 
c иге im in solr is d s Hr? М], tHe comceniranorn «à ealziur ion cari be 
celcularedtihroueh inserunir this value ın dhe Plowing equatun. 


Ionic Equilibrium 


K, ТХМ) PEST S Di 

4x pur! agi (3 OT MIT 

к=» ШМ =] 

3-0-] - Factors Affecting Solubility 


There iig many Factors causing solubili f precipirzates В пиве erc шыгу. 
The most nnper af oer aic pA, caren en cffecr and pl] Ает 


|- The effect of temperature 


Тит eder tu drsi [y a substan Da se baron the slaty avvale 1u gain Has cnra qu 
eek the broads lier een Ihe пъп еси. Che substance Chl amis this ener: ТАГ 
ШАШ ЫИ УЛП thi 2d, hz dlifeienzz Fre НЕШ and icleaseid energs 15tud 
the Thermewty namics chien p dierines ah? em рага af sa utin. Practically, the 
з игу of slighth: soluble оиа increases woh eapeclure. Bur this m- 
ep eus changga frm uere no sub yuan. 


3- Commen lon Eegi 


Ag we have studied hetfore. according ra Hae (hace aer Principle, the soll гу of 

any weak electraTile i a.g. slightly soluble sahi decreases when i schslance with 3 

рти im 15 added t solution. Pracceally this phenomenon i5 used io conceal 

the Jissolulion of precipilat zs. 

Example 3-20 i 
P E Exercise 3-16 


Calcul tie melar curcenzrateon of Раши oul sie sali Bilt. f, . 
s ATL solution zonas WOK mele 


Ac In pure water, af both nl Ee amd АГ cens. Cerbun 
B- пк: mol L setassium idake. RIG, selugen. I hen. make a старага be- Шш of МАН sehen zs sleden to 
n. SE cw matbematizally, v Ich one 
ol AIH), and Ez] OH, prec pikles 
Solution: first amd why! 


bs een resulls, B= 5 HI? 


Firs’. Ihe asas halii equilibrium equal [иг Ран жишеп. | hen. Ihe math- к! AIHA) 33-1" 
ematical relationship ter solubility product constam is written. Che orobe os i 


solved hanne the еру we have seen in tlie prex inus examples. Rte аа" 
A-I we assume the molar cencentzalien of Halo as s. Answer: Fea JH), prezipiates hrst 
; because nw needs less amount cl OLI 
LM = äi Li 
Ba, IO,;, ә Ba 1a T 210, 124. нюх In рге рише. 


gl 8 Hd ds M 
Kasl Ва 10, P= сву (As = 187 х 107 


Р. EH ШЕ Lhe Eu attire АЖЕП ПИ ¥ ditame]. 
g-73:]W9'mnll. 
Ге molar solubility of in Баб]. pare sxarcr is bo equal 7.5: UF mol M. 


B- KIC), te segepled as ù strong, sull which disselves cn plc. There tire. the 
concenteztiem ol 4150.2. тшп s calculated az bellos s: 


Exercise 3-17 


A soutien of f 0151. 22 mE silvur ni- 
pare [ACE pas added hi A solutie 
eT ФМ, SO rol. potest Сне 
CK Un Wr Tirr Гата" orecip- 
nare! 


EAE SA AY S 


Answer: Yes. it will ruc plate. 


Exercise 3- 18 


The soli produci constant or 
magnesium: Cuoride. МР salt 1s 
есил KR — 5.5- LO". 


A- Саші the melar solubili oc 
Lhzs salt in pure з uter. 


B- Calculate ie malar soluak im. 
mul |. sodium cuore. Waf. (struue 
кекти] ке and compare bull results. 
Answer, A« |, [8 М 


AG SxI07 Id 


үн Гин ү Herida, 


К, ' 
[ 54 


OM DEM 
We ake he molar Sater A of Bath Рр. in lo? SE KO, soltin às ¥ 
Ва; IG. ,. Ba г 210) - 

КЕРЧИ Т ix: 


— —“* 
—— aa. 
yal ¥ M 


As [Oz is The ceran ion, the zonzentratión ec [K] is equal bo Cre sam ul 


әп лип» oT 10, iuis Cron Uie hret ed Bad kok. amd RIO. salts That 
BADAUZ o tyi mol L. hers bore. 


K, - Ва ПТО? cy, (0.02 O2yy'- 1.57 s ПЕ" 


We can assume Ше cencemzaltaen sf LO, ама а Бате frm Halll", J, 1s he 
«mall im eomparizon sth MT 7 gon ahere tom KIT . | halis y 02, 
Therefore; 


40 42 1 21 - OU me D. 
К. ПЫН 
pou moll. 


eI MEF D? ern 


The ida ИҺӘ nf Вл ЙГЕ, salr in Й 02 med Г parasan элне KU, 
Anlegg is equal mi 7 3« Ue МА Whe we zampare rhe resus, ic is «een Таг 
Hie sulle oT Rate b sab in prre water is mut greater tan irs Alay line in 
RO, йил deen adie eigen, Mis percentage uf Selubiliry of this salt in 
pag dilToreer dina gar he zalzu and sas Talis s 


7e er! aer T. _ 
19- M"mnll. — | 


Mida ЫШ ЕШ in pue walg 197 


“inka кни їп KIU seliti 


[n шг w nds, Che molar йг» n Rat |. sali in OA mal |. КЇЙ, solu. 
rinm is 187 links less rhan is soahalsilibe in pore warer 


3- The pH Eltect 


The 2oneculrations of mans sulistances depend an Ihe тиган ef Н ант 
in solution. Che schslances which contain hs dragen or hydrnside iens in their 
eomponema cin le gen as examples c g rap OH), 

"Phe м а= ж ced arse sabes em xa ee weit] ahe hanging er ped | 
value vel de манап and Pre the cdleci er ceomavmen ain. 


Mg OH), m Mg" ' 20H 


ET 


When ar acid ps added to the saturaed subaru of this corral, hacdruzen 
and Teague duris ти Л por x eld water mole ules and this causes Cie disrup» 
ишп of equilibrium shear in tle курш шп. The vumpaound iurizes mae rin 
dhe wer ds ars Айыу imereases in cider qn cereale che decrease in OH 
puri yunge nitration, Whe à base is added ro tbe solution in ШИШЕДЕ 
zen рамга. ps solubility decreases às à Slr af Zenon iim Auer, 


Ionic Equilibrium | 


Example 3-21 
Calculate the molar ШЕШ of gragnesiuma hs druxide solution wili a 
pli- HE. ТК p dues TA 
Solution: 
First, the concentration o1 11 quc in solution with pll 10.5 is calealated. 
V heri жае Һу гач iun cunceawratan im slul 1s Fund. 
pH [п {Ну 105 
IH'j- 10 - 32: 10 mol. L 
К. 1.0 . Hk" 


OH IL —- 
ee ey X3. 0H 


-3.1 - 10" mol. L 


That means the earcentraliaa af hydroxide ion in seducian i equal Lo З — Exercise 3-19 
mnl L. Aster s riding chemical equation shea ing dissolution of Ми КИП. . we 


һп the value el s bs asing mss ar soluble ed MEH}, in cbe эшик. s ИП Calzalate thy ли he nl. ving hy- 
pH H5. reside in salutians; 

e - - A- 31126:‏ کے 
Mgr Ol, s МЕ, > 20 |‏ 


B- pd 175.0. then discuss the results. 


"T „М 47.104 KE zeit Lupo 124 


Answer: A- IL | 2 M. 
Then we ‘riot М values abovz m The ath cent eal outer sues mg alu 
Lilily a ustan ae follies. 


K,, =1 Mg* || OH f 
1.8 10" (5) c5.1 x 10 is 


B- | 2s H^ M 


Surly dezeeases. 


, 18:10" 
(3. x 10 5 


-1.9 x» IO! mol; L 


The neba кеиш ot MOAR Y. o salun with pH BGS gs equa] qu 
| vx pr! fu. 


BASIC EQUATIONS 
Definition of pK, pK, -- log K, 


Definition of pH pH = - logi H'| 


Definition of pOH рОН ~ - logi OH 1 
Relationship between pH апа рон pH + pOH - 14 


The Solubility constant of water |I | OH |- К, = 1.05 10" 


The decomposition of constant of _ . К, 
salt derived from weak acid and = 
strong base K, 


The decomposition of constant af 
salt derived fram weak base and K, = 
strong acid K, 


W 


The pH of salution formed from strong рН = 1, pK, - pK + loge) 
base and weak acid | ECT 


The pH of solution formed from weak pH - ZUpK, - pK, - logc] 


base and strong acid 
! . .. [acid salt 
The pH of buffer solution formed from weak add РН -pK,-log 1—1 -pK «log D. 
and its salt [ salt] [acid | 
. [base] x i] [salt j 
The pH of buffer solution formed from weak base РОН -pK,-log — — -рК +105 - 
and its salt [salt j [ base] 


BASIC CONCEPTS 
Eleetrolstez A substanze which has Ube capability of conducting elecuieity raus mcis ПП ШИ ПА. 
Weak Electrolyte: A substance whose dilute aqueous solutum las ù weas conducting eapabilits. 
Weak Acid: ^n acid which cannot итле completely: in aguegus soluta. 
Wek Фик A hase which сап огге cumple te ly ir aquen. solution 


Moneprotie Acid: This rs ar acid » hish produces unts u srtzle prucen tru each uls molecules. Chis acid can be either 
sant or weak Shortly, euch ud its molecules contens only a single pralon whizh can react 


P'olyprotie Acid: An avid which produces one wr пите protons im diferent sepe. Most ul the irre, uie probem preduzed 
al Ше inal sep is seeker lan protons produced m. previous steps 


Seli-ionieation of water This rs ил Нети reaction. During reaction, a peutan 13 T2r1sbecred Irorr uie wiler inolezule 1a 
archie, AL Ше end of this prowess it pure water. egual numbers at hy idrara ГУ and hyalposiide LH] iorns are нт 


pH value: This 1s 2 method из] tu express and тилии ге ihe р, галас п iori concentum. Especially iis Bund By taking 
ihe перат e ааг ol cuzeentratiuns et hecrouen iers which ace equal tu 1 M uz less. The numeric results ef lese 
values ше slew with pli 


Solvalysis: The intersctnem uf solute veith solvent molecules, 
Hydrolysis: The егип af scale wh water molecules when waters use] as solven. 


Common ton elect : The рле памтат ul decrease iw the decrmpostian vf a weak сїр le when a strong 
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Buffer Solution: Thu aqueeus sulutiuzi ofa weak atid and Ha säll ûr a wrah Bast anal is sat This mixture has th? vips- 
bility uf resisting pH charee wher a smal] aout of shonra ugal uz base im adden! ro sulutiun. 
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QUESTIONS OF CHATER-3 
3-]- In the following equation, equilibrium state is shown between molecules and зеи of water: 
2Н.0 = HO", + OH, 
A- Does the equilibrium changes with temperature change? 


B- What is the value of solubility constant of water at 25°C? What are the concentrations of hydrogen 
and hydroxide ions in pure water? 


Answer: B- K = 1 х 10", [Н = [OH] = 1107M 

3-2- Find the change in pH value of water after the addition of the following solutions to 1 liter of water. 
|, ТОМ HC] with 1 mL volume 
2. ЮМ NaOH with 1 mL volume 

Answer: |. ApH=-5 , 2, ApH= 5 

3-3- Say if the following substances are acidic, basic, neutral and why? 
A) NH CI B) Na. SO, C) CH,COOK D) CaF, Ei MgSO, Fi KCI 


3-4- How many grams of CH COOH (M=60e/mol) should be added to 250 mL of water in order to make val- 
ue of pH of the solution 2.7? K 1.8 x HP 


Answer: 3 р 
3-5- Circle the correct answer: 


l- Find number of mg of barium lodate,BalO. dissolved in 150 mL of distilled water. (K 71 .57x Hr? and 
M-74&7g/mol) 


А» 34.4 mg B- 44.4 mg L-353.4 mg 
2- What are the molar concentrations of Ма” and 8O,^ ions in aqueous solution of 0.4 M sodium sulfate? 
^) [Na ]- OAM, [SO 7] 0.4M 
В) [Na']- 0.2M, [SO;]- 0.4M 
Ст [Na'J20.8M, [8O,*]- 0.4M 
3- Find the pH and рОН values of 0.05 M sodium hydroxide solution: 
A) pH= 1.3, pOH= 12.7 
Hj pH= 7.0, pOH- 7.0 
C] pH= 12.7, рОН= 1.3 
4- Find the рОН value of 0,5 M aqueous solution of ammonium nitrate, NH INO, {рК = 4.74) 
А» 7.00 
B-92? 
С. 4,78 
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3-6 -As К value af propanoic acid (С.Н.СООН ) is 1.3* 107, what is the percentage of decomposition of 
acid in 0.65 М aqueous solution? 


Answer: 0.45% 


3-7 - What is the concentration of ammonia [NH,] in a solution in which [MH ,']-0.01 M and [OH ]- 1.2» 1r* 
M at equilibrium? K = 1.8% 10° 


Answer: б.б к I0? M 


3- 8 -Calculate the mass of sodium acetate salt (M-82 pmol} needed to he added inta | liter (0,125 M acetic acid 
solution to obtain a buffer solution with a pH value of 4.74. pK = 4.74 


Answer: 10.25 g 


3-9 - Answer the following question. 


A- What is the pH value af a buffer solution which is made up of 0.15 M sodium nitrite, NaNO,, and 0,12 M 
nitrous acid, HINO? K (HNO. у= 4.52107 , 


B- Calculate the pH value of solution after 1.0 g of sodium hydroxide {Mi= 40 i/mol) added to 1 liter same 
buffer solution above. 


Answer: A- 3.45, B- 3.62 


| NH, 1 | | 
3-10- What should be the INH | ratio in order to prepare a buffer solution with pH= 9,0 by mixing NH, 
and NH CI? pK, 4.74 . 


Answer: 1.82 


3-11- What is the molar solubility of BaSO, in its aqueous saturated solution? What is its molar solubility after 
adding ImL 10M H.SO. to 1L of the same saturated solution? K (BaSO,) = 1.6 x 10", Лб —1.26 


Answer: 1.6 x 10" mol/L, 1.26 х 10° mol/L 


3-13- Calculate pH and [OH] values of the following salt solutions: K (HCN) = 4,9% 10" and 
КОМН.) 1.82 10, 


|- 0.1 M sodium cyanide Мас іч 
2- 0.23 M ammonium nitrate NH NO, 
3- 0.5 M sodium nitrate NaNO, 


3-13- If 0.01 M acetic acid ionizes in aqueous solution to 4.2%, caleulate the acidity constant of it 


Answer: 1.76х10° 


3-1 4- In order to make the pH value is 9.0 for 500 mL of 0.15 M of ammonia solution 
what should be the mass of ammonium chloride (M—53.5 g/mol)? К. (NH) -1.8x 10 


Answer; 7.22 р 


Ionic Equilibrium 


4-15- Calculate the molar solubility (mol/L) and solubility [g/L.) of silver sulfate, Ag. SO), salt in the following 
solutions, i 


A- Distilled water, 
H- 0.15 M potassium sulfate, K,SO, (рК, —4.92 and M= 314 g/mol) 
Answer: A) 0,014 M ; 4.396 g/L. B) 4.4 х 10° М; 1.38 g/L 


3-16- As K, 7l. L« 107, what is the number of grams of silver chromate, Ag CrO, (M=332 g/mol) dissolved in 
100 mL distilled water? 
Answer: 2.161x10? g 


3-17- What is the molar solubility of barium chromate, BaCrO, in 0.1M barium chloride, BaCl, (strong elec- 
tralyte) solution? Ky (BaCrO -1.2« 10" 


Answer: 1.2x [07 M 


3-18- What should be the mass of potassium hydroxide (M=56 cmol) needed to be added into 200 mL of water 
to get a solution with a pH value af 117 


Answer: 0.0112 g 


—;› _ اس ے 


3-19- As percent ionization of 0.1 М hydrocyanic acid, HEN is 0,0125, what is the ionization constant of this 
acid? 


Answer: | x tr" 


3-20. As K (Zn(OH),) = 1.24100, calculate the solubility of zinc hydroxide (M = 99.4 g/mol) in g/L unit and 
molar solubility mol L (molar concentrations of pons from decomposition of salt). 


Answer: ГАМ, 1.32 H7 ЕЛ. 


3-21- Calculate the pH value of solution obtained from diluting | mL 13.6 M hydrochloric acid in 1 liter of 
water. 


Answer: 1.866 


3-22. The concentration of calcium (M=40 i/mal) яп in blood plasma ts 0.1 g/L. If the concentration af oxa- 
late ion in blood plasma is 15107 M, do you expect calcium oxalate CaCO), to precipitate? 


pK, = &.64 


Answer: No precipitation occurs. 


REDOX REACTIONS and CHAPTER-4 
ELECTROCHEMISTRY 
| Q Sa B | 


ACHIEVEMENTS 
After completing this chapter, the student is expected to : 


“Define oxidation number and learn to calculate oxidation number in compounds and chemical radicals. 
*Enow the meaning of reduction and oxidation, reducing agent and oxidizing agent; know how to balance 
chemical equations including these concepts. 

“Know the meaning of the following terms: 

pole, anode, cathode, electric current, Merst equation, galvanic cell, electrolytic cell. 

* Learn the standard cell structure of hydrogen; understand hydrogen standard cell voltage as a criterion to 
measure other standard cell voltages, 

*Understand dissociation and electrolysis processes. 

*Deseribe the structure of cells; write the equations for reactions occurring at poles of cells when they 
produce electric current. 

* Find out the weight of elements freed by electrolysis at poles and the relationship between the amount of 
electric current passing the electrolytic cell. 

* Describe the relationship between standard cell current and non-standard cell current, and the relationship 
between standard free energy change and equilibrium constant. 
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4-1 PREFACE 

Electrochemistry is one of the branches of chemistry. It deals with the chang- 
es between chemical energy and electrical energy. During the pass of electric 
current, some chemical changes occur ard also some chemical reactions cause 
production of electric current. Electrochemical processes are reduction and 
oxidation reactions. During spontaneous reactions (reactions accur by itself, 
without an external force) energy is released. Then this energy is converted to 
electrical energy ûr non-spontareous reactions can be realized using electrical 
energy. 

Besides desizning different types of cells, dyeing and electrolysis processes 
have been derived from electrochemistry. Electrochemical principles are pres- 
ent in every part of daily life. Cars, radios, music players, watches, electrical 
appliances use chemical reactions im order to supply their energy. The dyeing 
of utensils, electrical hardware and appliances: production of electric circuits, 
purification of metals and production of same elements are other examples for 


reactions that use electrical energy. 


4-2 OXIDATION NUMBER 

Reduction and oxidation numbers are used to define redox reactions, These 
numbers are written over the symbols of the elements which take place in re- 
actions. These are called oxidation numbers or oxidation steps. The oxidation 
number of each atom in a compound represents the electrical charge (number 
of electrons) that this atem gains or loses. The rules for calculation of oxidation 


numbers are given below: 
|- The oxidation number of free elements is equal to zero. 


Na, Be, K, Pb, H,, O, P, = 0 


2- The oxidation number of a moncatomic ton is equal to the charge on this ton. 
Lr, Li=+1, Fe”, Fe =33,0°,0=-2 

3- The oxidation number of hydrogen is equal to (*1), except the oxidation 
number of hydrides is (- L1. 

The oxidation number of hydrogen in HO is (1). 

The oxidation number of hydrogen in sodium hydride NaH is (-1). 

4- The oxidation number of oxygen is (-2). except the oxidation number of 
oxygen in peroxides is (-1). 

The oxidation number of oxygen in HO is |-2). The oxidation number of oxy- 

gen in hydrogen peroxide H CO, is (-1) 


&- A-The oxidation number of Group LA element in a compound is +1. 


Li, Na, К, Rb=+1 


В- The oxidation number of Group ILA clement in a ccrprnd is +2. 


Be, Mg, Ca, or = +2 


C- The oxidation number of Group ША element in a compound is +3. 


B, Al, Ga, In = +3 


бъ The oxidation number of halogens Group VILA element in a compound is =1. 
F. Cl, Br. 1 = -1 


For the atoms which are noi mentioned above, the following rules can be used: 


Rule l: The sum of the oxidation numbers of all of the atoms in a neutral com- 
pound is Û. 

Ма = +1 and €1—-1 in NaCl 

According to this rule, (+1) F (-1) =й 

Rule 2: The sum of the oxidation numbers in a polyatomic ion is equal te the 
charge of the ion. 

In HPO; compound O —-2 and P= P and H= +1 

According to the rule; 12:(--0)] HP) [4x(-2)]— -1 

Here we find that the oxidation number of phosphorus is P735. Atoms which have 
more than one oxidation numbers show different colors for different oxidation 


numbers (Figure 4-1). Table 4-1 shows the oxidation numbers of elements. 


Example 4-1 
Find out the oxidation numbers of atoms in the following compounds, ions and 
elements. 


80, KCl, Mg" , PO," , Bad, Е, 


Solution: 

F, : F-ü (According to Rule |) 

Вас: We can find out the oxidation number. of Ba according to Rule |, О = -2, 
thus (Ba) + (-2) = 0 so Ba = +2 

POS We ean find out the oxidation number of (P! according to Rule 2, О = -2 
(Ру 14x(-2)4 = -3 thug P= +5. 

Mg^ : Mg = +2 (According to Rule 2) 

KCl:Cl--l and К = +1 (According to Rule 2) 

SO, ; We can find out the oxidation number of $ according to Rulel. 

0-22, (8) {2=(-2)] = U thus = +4, 


Figure 4-1 
The color of solutions which 
have different chromium salts 
are different depending on the 
oxidation number of the chro- 
mium. 


Exercise 4-1 

Find the oxidation number which 
are im red following ion and com- 
pounds. 

Mn KCrO маз, Hy 
HCO, HPO? 
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Table 4-1 The oxidation numbers of elements in periodic table. 


4-3 REDUCTION AND OXIDATION (REDOX) REACTIONS 
Reduction and oxidation reactions are one of the most important types of reac- 
tions, The energy released from combustibles, electric current from batteries and 
oxidation of iron are examples for these reactions (Figure 4-2). 
Redox reactions occur via transfer of electrons. The first definition of redox 
reactions was made as “loss or gain of oxygen", This definition is correct but 
incomplete as it is mue for only a number of compounds, Today redox reactions 
are defined as follows: 
Oxidation: 
It is the chemical change following lass ef electrons of an atom, As a result of 
this, an increase occurs in oxidation numbers. Below, the exothermic reaction 
of Na and Cl ions in which crystal latticed solid forms is given. 

2Na, + CL. — 2NaCl,. 
The formation of sodium ions is a result of oxidation process. Because each 


sodium atom Loses an electron in ander to become sodium ton. Oxidation state 
is shown by writing oxidation number on the atom or ion. 


Na" — Na' + e 
By this equation, we see that the oxidation number of sodium in free state has 
changed from Û ta (71). In other words, sodium atom was oxidized to sodium 
ion and its oxidation number has increased by (+1). 
Reduction: 
Its a chemical change. An atom or group of atoms gains electrons. At the end 
af reaction, the oxidation number of the element decreases. According to this, 
in the reaction above, during interaction of sodium and chloride cach chlorine 
atom gains an electron and the oxidation number decreases to (*1). The process 
is accepted as a reduction reactii 

CL"+ 2€ — 20I 
Reduction occurs im the reaction in which oxidation niimber is reduced. Chin- 
rime atom whose oxidation number decreases from O to -1 is reduced to chio- 
ride ion. In a reaction, reduction does not realize without oxidation. Because 
along with a reduced atom there must be an oxidized one. The number of eleg- 
trons which arè gained during reduction 15 equal to the number of electrons 


lost during oxidation, As shown in the equation below, the general equation of 


redox reaction is obtained from sum of reduction and oxidation reaction egua- 
tions, As the number of lost and pained electrons must be equal, electrons are 
not shown in the total equation. This reaction is called as oxidation-reduction 
(redox) reaction. During this reaction electrons аге transferred from onc atom 
to another. According to this, the atom that loses electron is a reducing agent, 
the atom that gains electron is an oxidizing agent. Therefore, in this reaction, 
sodium atom is the reducing agent, whereas chlorine atom is the oxidizing 
agent. 

2Ма + Cl. — 2Na' + 2CT 
If we sum up what is told above, knowing oxidation numbers allows us to 
know ifa réaction isa redox reaction, Let us take a book at tlie reaction between 
phosphorus pentachloride and water: 
Pe clo +4Н ГО" НРО + SH CI 


As Шеге is no change occurs in the oxidation numbers of elements, this re- 


action cannot be called as а redox reaction. But in the following reaction of 


copper and nitric acid, we can make some comments: 

Cu! + 4H'N*D,* — Cu (N* Q,*), + INTO, IH O* 

From the change in oxidation numbers of copper and nitrogen, we can casily 
say that this is а redox reaction. The oxidation number of copper atom has 
changed from 0 to +2. Therefore it has been oxidized by losing 2 elecirons. 
Meanwhile, the oxidation number of nitrogen atom has been changed from 
(+5) to (+4). That means 1t has been reduced by gaining | electron, Carbon and 
sulfur react in order to yield carbon sulfide. In this reaction, as seen at the side, 
carbon is oxidized and sulfur is reduced, 

In redox equations, we can explain the loss or gain of electrons by dividing it in 


Figure 4-2 
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two parts: The half af the reaction is oxidation and the other half is reduction. 
Therefore, we can divide the reaction of sodium and chlorine mto two: 


2Ha" + CL —+ 23а" + 2С 


Na'— Na’ + е | oxidation] half reaction. 
CL'-2« — ICF (reduction) half reaction, 
When two halves of the reaction is added up, firstly the number of electrons 


lest need to he equal to the number of electrons gained. According to this, in 
ander to obtain the following equations, the half oxidation reaction is multi- 


plied by 2: 
2Ma!-—. 2№а` + de 
CL" „Зе — 2C 
After eliminating equal numbers of electrons on both sides, by adding two 
equations, we get the general reaction below: 
2Na^ + CL?— 23ъа + 2СТ 
The oxidation number of sodium has Increased from Û to +1. Therefore, the 
process is called as oxidation. The oxidation number of chlorine has decreased 


from Û to (- 15. So the reaction is called as reduction. Thus, the total reaction is 
called as an oxidation-reduction reaction, shortly a redox reaction. 


Example 4-2 
In the following reactions, specify the reduced and oxidized atoms. Also 
write down the reduction and oxidation half reactions. 


1) Cl, + 2l — 2CF +1, 
2) Mg + Fe — Mg" + Fe 


Solution: 
I) Cl, + 2F — 2CT +1, 


2b — |+ 2g (oxidation) half reaction. 
CL" +26 e ACF (reduction) half reaction. 


When both sides of the reacbon are added up. the number of last and gained 
electrons must he equal. We can only write down the general reaction (total 
reaction) when number of electrons are equal. 


48 
CL + 2h — 2cr +19 


The oxidation number of iodine has mereased from {-1) ta O, Therefore this 
is called oxidation, The oxidation number of chlorine has decreased from Û to 
(313. This 15 called reduction. Thus, this reaction isa redox reaction, 


2) Mg + Fe — Mg" + Fe 
Мр" — Mg" + 2e (oxidation ) half reaction. 
Ке” +2e— Fe (reduction) half reaction. 


Firsily we need to make sure the number of electrons lost and gained must be equal 
when they are summed up, we get the general reaction: 

Mg + Ре — Me™ + Fe 

The oxidation number of magnesium has increased from O to (+2). This process 15 
called oxidation. As the oxidation number of iron has decreased fram (+2) to Û, this 
is a reduction. Therefore this reaction is a reduction reaction. 


44 REDUCING AND OXIDIZING AGENTS 


4-4-] Reducing Agent 

A reducing agent is a substance which can reduce another substance, It loses elec- 
trons and its oxidation number increases. Therefore the reducing agent is oxidized- 
For example, in the reaction of copper clement with concentrated nitric acid: 


Cu" + 4HN*O, — Cu" (МО ), + 2N* O, + 2HO 


Copper is the reducing agent as it has been oxidized by losing 2 electrons. The ox- 
idation number increases by from 0 ta +2, 


4-2-2 Oxidizing Agent 

An oxidizing agent is a substance which can oxidize another substance. An oxi- 
dizing agent gains electrons. During redox reactions, their oxidation numbers de- 
crease. Therefore the oxidizing agent is reduced. In the example above, nitric acid 
i& the oxidizing agent. Because the oxidation number of nitrogen in the acid is 
reduced to 4 from 5 in nitrogen dioxide by gaining an electron. In the same manner, 
the substance in a reduction reaction is the oxidizing agent. 


[he Oxidizing Agent The Reducing Agent | 


A substance which takes place in re- | A substance which takes place in 


duction reaction and causes another | oxidation reaction but causes another 
| substance to oxidize. substance to reduce. 


Example 4-3 


Specify the oxidizing and reducing agents in the following reactions: 
Пт + CuSO), — Zn30 


ETT t Cu. 


2) Cu, +2AgNO, — Cu(NO,),_.+2Ag,,, 


Exercise 4-2 

In the following reactions, 
specify the reduced and oxi- 
dized atoms. Also write down 
the reduction and oxidation half 
reactions. 


Іри + Cu — Zi" + Cu 


2) Mg + 2HCI — MgCl, +H, 


Exercise 4-3 
Specify the oxidizing and reducing 


agents in the following reactions: 
1) 26a О 2D, 


2) Мру, * CL, — МЕСІ, 
3} Мк. = FÎ a Mg" Т ке 


[cc  Chsper-4 | 


Solution: 

Ij £n, * CuSO, — Zn30,,, СЦ, 

zn — Zn FADE Zn: h has undergone oxidation so it's reducing agent. 

Cu^-2c — Cu Cu: It has undergone reduction so irs oxidizing agent. 
27 Сш, + TAJNO, a -+ Cu NO + ТА, 

Cu — Cu" + 2e Cur’: It has undergone oxidation so it's reducing agent. 

Ан" +e = Ад Age’: Tt has undergone reduction so it's oxidizing agent. 


4-5 ELECTROCHEMICAL CELLS 
When we study redox reactions, we sec that some of those occur sponta- 
neously. For example, in the reaction of a piece of solid magnesium and dilute 
hydrochloric acid. a salt forms and hydrogen gas evolves, 

Mg, * HC y — MgCl t Hu 
However, some redox reactions do not occur spontaneously, For example, wi- 
ter dissociates to rs components, hydrogen and axygen, only when energy рау 
en from outside, Therefore, what is the relationship between electrical energy 
and reactions that occur spontaneously er non-spontaneous]y? And what is the 
relationship between these reactions and electrochemical cells? Electrochemi- 
cal cells are made up of two poles: One is positive pole or anode. This pole is 
the source of electrons that uisdergo oxidation. The second pole is the negative 
one which is called cathode, This pole is the place that reduction cccurs and 
electrons are transferred from positive pole sia outer circuit, Both poles are 
inside electrical solution. The components of solution take place in the 
reduction and oxidation reactions occur at ihe surfaces of poles. 
Electrochemical cells are divided into two: Galvanic or voltic cells and 
electrolytic cells such as electrolysis cells ( Electroplating celli. 


4-6 GALVANIC CELLS 

These are cells where chemical energy is transformed into electrical energy 
during spontaneous chemical reaction, This kind of cells is called galvanic or 
veltaic cells. These names are taken from two Italian scientists. One is (Luigi 
Galvani and the other isi Alessandro Voltak These two scientists were the first 
people who designed these cells, Batteries are one of the types of galvanic cells. 
Let's study the following example before we go into what is going on inside 
galvanic cells. When a zine rod is dipped into capper sulfate solution, it starts 
to corrode and disappear, The concentration of zinc ions increases, That means 
a spontancous reaction occurs. At the same time, brownish copper clement 
starts plating zinc rod as a spongy layer. Some of the copper settles at the bot- 
ton. The blue color of the solution starts to disappear due to the decrease in the 
concentration of copper ions and finally it becomes colorless (Fig. 4-3 јаз in the 
following reaction. 


£n. H Cu^ S0, — En" 507 Cu 


é бый LA | 


AS it seems 50, ? dons hasn't changed at all during oxidation (in other words 
they haven't joined the reaction] Therefore we ean simply rewrite the reaction 


above as follows: Zn, + Cu” а Cu 
ia ena иш! [ET] 
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Figure 4-3 

The reaction that occurs when 
zinc dipped into copper sul- 
fate solution. 


Zn + Cu” a | 
The most famous and simplest Galvanic cells are Daniell cells (Figure 4-4 |. 
А zinc rod is immersed into zinc sulfate 2050, solution. The cell depends on Zn, 
Zn'^ oxidation and Cu- Cu reduction. This event occurs in two different con- 
lainers, Electrons are displaced between two poles through an external wire. 
Zint and copper rods are called electrodes. The poles of cell are the immersed 
or the contacting pole with ions in its solution, The battery cell formed with 
copper and zine rods dipped into ZnSO, and CuSO, solutions is called the (Dan- 
iell) cell. According to the definition above, positive pole (ine rod) is called as 
anode, This pole is the place where oxidation occurs.(the source of electrons) 
Negative pole is called as cathode. 


E Co” is reduced 
to Zn^" at anode. po Cu at cathode. Р 
Figure 4-4 


Met reaction 


pun 


Daniell Galvanic Cell 
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At this pole reduction occurs. During this process, electrons are observed to be 
transferred through external wire from anode to cathode (copper rod). These 
electrons cause copper atoms accumulate over negative pole's surface by react- 
ing with copper ions Cu in solution, The reduction and oxidation reactions 
occurring in the Daniell cell are called half cell reactions at poles. These are: 
Zn, -—* Zn". 26 Half cell reaction ! Zn pole (anode) oxidation 


Cut, Fag — Cu Half cell reaction / Cu pole (cathode) reduction 


We sec that cach zine atoms have lost 2 electrons (undergone oxidation) to 
yield Zn'^ ion whereas each Cu* fons have gained 2 electrons (undergone 
reduction) to yield Cu atom. The general reaction of the cell is obtained by 
adding boih half reactions after making equal the number of gained and lost 
electrons. (Here we see that the numbers of gained and lost electrons are equal. 
Creneral reaction: Zn, - С^, = Zi + Cu... 

The most important point here that needs attention is if copper sulfate and zinc 
sulfate solutions were not in diferent containers, Cur” ions would react with 
zinc röd directly, as mentioned above. [n this case, there would be no electricity 
produced. [In order to complete the electric cireuit, a conducting medium that 
allows negative and positive tons to be transferred from one pole to the other ts 
required. This conducting medium is called as salt bridge. The bridge is formed 
from a turned down U-shaped glass tube. Inside the tube there is an inert solu- 
tion which does not change chemically during the process, The solution con- 
tains ager substance. (Ager is a natural, sticky substance. It has different uses. 
When heated it liquefies, it solidifies al room temperature.) The compounds 
which are used while filling the salt bridge are К.,50,, RNO, RCI. A cell re- 
action starts spontaneously and continues until zinc rod or the concentration of 
copper ions is used up completely. As a result of zinc atoms change into Zum 
ions, electrons аге transferred from positive zinc pole (zinc atoms) to copper 
pole through external wire. Here tons undergo reduction. The SO,^ sulfate ions 
remaining in the solution pass to the zine sulfate solution through salt bridge 
(because of increase in the number of positive changes in solution) Potassium 
K^ ions pass to copper sulfate through salt bridge (in simple terms, negative 
ions pass to positive pole mode. Positive ions pass to negative pole cathode.) 
Conduct of electricity occurs by transfer. of electrons at extemal circuit (wire) 
It occurs. at inner circuit (salt bridge) through transfer of ons. 


Example 4-4 


As the following reaction occurs spontaneously at the given galvanic cell, 
Cu. F ZAR aa =H Ш? у F 2Ар 
A- Write down both half cell reactions. 


B- Explain the direction of electrons flow along outer wire and direction of ion 
movement through salt bridge which is full of KNO, solution. 


Solution: 


A) 
Cu, — Сш? Ie Hall cell reaction / Cu pole (anode) oxidation 
IAF ua + 2e— Aga Half cell reaction / Ag pole (cathode) reduction 


A) Electrons flow from anode (copper rod) towanls cathode (silver rod) via 
outer wire. Positive ions K^ move towards negative pole “cathode” while nega- 
live ions NO move towards positive pole "anode" through salt bridge. 


4-7 POTENTIAL OF GALVANIC CELL 

Electric current flows from anode to cathode due to the potential difference be- 
tween poles. This flow of electric current 15 similar tà fall of water at a waterfall 
because of its potential or similar to flow of gas from high-pressure region ta 
low-pressure region. This potential accurs between electrodes and the ions of 
solution. It is divided into two: 

[Скайп Potential: The tendency of matter losing its electrons 
2-Reduction Potential: The tendency of matter gaining electrons 

The potential between two poles of galvanic cell is called as cell potential and 
shown with E. Cell potential is also called as electromotive force and shown 
with emf, Contrary to the meaning of the term, here potential is named instead 
ol force, The cell potential is measured by a voltmeter (Fig. 4-5). As we will 
study bater, cell potential depends net only on the properties of electrodes or 
ions but also on concentrations of ions and temperature at which cell works. 
Cell potential is defined as the electrical potential difference between elec- 
trodes in а galvanic cell. Cell potential is shown with E_ symbol. Therefore, 
cell potential is a measurement of motive force of the reaction which occurs 
in à cell. Cell potential depends on the potential of poles at which oxidation 
(anode) and reduction (cathode) occurs. I we show oxidation potential with 
E and reduction potential with AN cell potential is the sum of oxidation and 
reduction potentials of the cell. 


1 E a z E. * E 


Figure 4-5 
A voltmeter is used measure cell 
potential or electromotive force, 


Жай eri Tit ot En a aei 
Іа 2a He 


Figure 4-6 
Standard hydrogen electrode 


As oxidation occurs ai anode, we can use E 
reduction occurs at cathode, so for reduction potential we can use E 


symbol instead of E. Similarly, 
instead 


amit 
isiende 
of E p Therciore, we can rewrite equation | above as follows; 


2) E. е Ea, * E enis 

Under standard conditions, 23°C and | atm pressure, when cell potential is 
measured for the concentrations of solution at two poles are ihe same (1.8 or 1 
mol/L), this measured value is called as standard cell potential. It is shown with 
E” ,, Under same conditions, the potentials measured at electrodes are called 
standard electrode potential and shown with E^ |, and E? a symbols. Thus, 
equation 2 can be rewritten under standard conditions. 


YE =E. + E? 


anale аита 


Electrical potential unit is volt and its symbol is (V). 


4-7-1 Measurement of Cell Potential 

As we studied above, in order to measure standard cell potential (Eh anode 
and cathode potentials need to be measured under standard conditions. 

The question is how the potential of a single electrode сап be measured as a cell 
canna he set up with a single electrode and its potential cannot he measured. 
Therefore, a reference electrode is necessary. A (reference electrode) is used to 
measure other electrade potentials. There are different types of electrodes used 
as reference. The most important of those is standard hydrogen electrode, 


4-7-2 Standard Hydrogen Electrodes 

Standard hydrogen electrode is chosen as a reference electrode (with a known 

standard potential) Hydrogen electrode is chosen from other elements with 
respect to its chemical medium activity, Therefore, it can be used as anode or cathode 

pole. Standard hydrogen electrode is made up of a glass tube. Inte 1M solution 

(as HEI containing H^ ions, hydrogen gas is pumped under | atm pressure 

and 23°C. Ar the bottom of the glass tube, a piece of platinum is placed. That 

piece of platinum is attached to a platinum wire. The reason why platinum is 

used with thes kind of electrodes is that it never oxidizes or reduces under any 

conditions, But platinum performs two duties: 

A- И supplies a surface on which hydrogen molecules can dissociate, 

B- It supplies-a method to conduct electricity through outer circuit. 

Figure 4-6 shows a standard hydrogen electrode. It is shown with (SHE) sym- 

bol. According to TUPAC, the potential of standard hydrogen electrode is ac- 

cepted as (E° = 0.0 V). If standard hydrogen electrode is used as anode (oxi- 

dation), the reaction which occurs on it is as follows: 


H, gi re 2н" i tle Ha = O Vv 
But if itis used as cathode, the reaction is as follows: 
2Н' = Ze’ 7% Н. E. ide ia 0.0 V 


4-7-3 The Potentials of Standard Electrodes 


We can use standard hydrogen electrode to measure standard potentials of oth- 
er electrodes. When this electrode is connected with any other electrode to set 
up a cell, the standard cell potential is equal to the sum of clement s standard 
elecirode potential and standard hydrogen electrode potential. As (SHE) poten- 
tial is equal to zero that means element's standard electrode potential is equal tà 
cell potential. Over this fundamental, standard oxidation potentials of elements 
were measured. These potentials were put in а chart named as Standard Reduc- 
пап Potentials Chart. Table 4-2 shows reduction half reactions and standard 
reduction potentials of different electrodes, 


Е° E, Е 


сез meae сан 
It is observed that E*_, value of this cell is +0.763 V. As (SHE) potential 
is equal to zero, then: 


Lot = E ui T E? акы 
0.763 V=E*, +00۷ 
E? „= 0.763 V 


That means standard oxidation potential of zinc is equal to 0.763 V. There- 
fore, standard reduction potential of this electrode is equal to -0.763 V. In other 
words, standard cell potential is equal to standard potential of zinc electrode. 
Because the other electrode is (SHE). 

Standard Oxidation Potentials Table of elements is used to compare potentials 
when elements are used as oxidizing and reducing agents. Because reduction 
potential values are accepted practically as à measurement of reduction and 
oxidation capabilities. We need to learn following important points about the 
table to use it in calculations. 


l- Standard Potential Values of electrodes in table 4-2 show their standard re- 
duction potentials. 


2- Standard reduction potentials reduce as we scroll down the table. This means 
their oxidation properties increase, In other words, their strength as reducing 
agents increase, At the top, fluorine element is placed with the highest reduc- 
tian potential that is t287 V 


ES Pee ear Д E" nue 70287 V 

For Lithium element -3.04 \ Reduction potential decreases downwards 
the table 

EE ai fe Li E” us 7-304 V 


Therefore, as lithium is the hardest reduced substance, Li^ is accepted as the 
weakest oxidizing agent. 

Contrary to this, as lluorine is the least oxidized substance, it is the weakest 
reducing agent, 


ILLA d 


redertion hall-rertizex 
Ны = 287 س‎ Atl 


Віа аап vehe di unde 


nikon holler, 
ini) -e ШЗ" шын Je 
Fins loi 


Exercise 4-4 

The cell consists of anode which is 
hydrogen pole and cathode which is 
copper pole. Calculate the standard 
reduction potential of copper pole, 
Standard cell potential= 0.337 V 


LS 
IET TE 


LI E 


HL mH + 3 
їгїт рабе siad 


Cuty де - Cu 
Copper pulz сайа 


Answer: *0.337V 


Table 4-2 Standard Reduction Potentials of elements in | V) volt unit measured 


at 1M concentration at 25 °С; 


Potentials increase in oxidizing agents 


2Hg* l, + 2e — Н, 
Hg; -2e * 2Hg, 
AB’ aq, ые. ABs, 
pe"; * E — Fe? 


| dagy 
Is, үү Ae چ‎ ы, 


Ом, +2H,O + 4e — 4OH,,,, 


Cu» + 2е — Cu, 


" 20H ,,, i 


+2.87 
K1.77 
+1.50 
+ 1.36 
+ 1.23 
+ 1.07 
+ 0.92 
+ 0.85 
+ 0.80 
+ 0.77 
+0.53 
+ 0.40 
+ 0.34 
+ 0.13 
0.00 

- 0.13 
- 0.14 
- 0.25 
- 0.28 
-0.40 
- 0.44 
- 0.74 
-0.76 
- 0.83 
– 1.18 
- 1.66 
- 1.85 
-2.37 
-2.71 
-2.87 


-2.90 


- 2.93 
- 3.05 


Potential of reducing agents increase 
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3-The standard cell ршет cd ans cell ub «fach ипе ul ils poes is staralard 
hydrogen e.ecrrode, equals te elemente standard electrode potential zi an the 
example abo. 

4-Т paremial of zie: у dian. rediti Peis ut leggur as iy oppie or 
pae petunia) fir a reducuum potential din ol electrens Fur у аватара vis po- 
renlial of reductiun hull reaction of litliiun electrode is - 304. V. Tliezedarz. 
рщепин ot exidatiur. half regctiun ot Hus electrode 15 t 341457 


Lit, e da, E! 34M EV 


al PETS 


li, ТИ бе E^ 1304 


1241 акчы 
- "e ; Altentron 
4-7-4 Measurment of Standard Cell Potential 
The means standard cell potential 
The Follow nig phia mus be comerd while calcularue stacidaral cell po- 
r.antial: 


descrihes the dilfer Between 
гаип potentials ot hoch 


l- The lere whist fas the [unen ыйл reduci on poterial ts lesen as electrodes 
anode pole. Similarly, tae element with the Inzhest ze ctun potential iz cha- 
sen ла varbude pelt. 


2- The nimbi af electri los ar ande Т д Нит] musr hie equal rie rie niin 
ber ol electrens gained ài cathode (reduction. hen ihes are ned egual. thew 
need to be made equal by tul ime least suman multiple of numaer ol electron. 
Then by climinazing electrons trem beh sides of kalf zenztianz, zeneral cell 
Fen linn is s tbr. 


Attention: 

CEaracteriste prigerty does nol 
depend «n iumcour ef substance. 
3- [P лие umber uf electores Dea in rede as pel egual de Ile пиги or 

electrons gained in oxidattun: sah sides ob equations are raultiplied ith л 

мыл лий. Bur xi3ndard clocczosde potencial remain enchanged. ernus 

Potential i3 à Тага саш Гаара Гә which docs noc depend on qhe amounr or 

substirive. Гале крет» urily un ГРЫ тралдан sw dts nn electrade 

saulius. Por examzile: 

|l. = 26 = l E" 53V 


E 
71,740 41, E* 4.53 V 


"n 
ue 
x 


4- Brh FAlz vell regezions are reversible reaerions. Fach elssinade ean be used 
ак anode er carhode depending on the аЙ Пан thes are used. 


Se po vnde wa find our sendid cell ИЧП value E barh Malivel] ieat ins 
at electes are wzatberi, ALT e end ad the гелет, ЕЛА ранета wil- 
Les are wren. Then ss hile caleulaung Dui die felling relauonsTip às used. 


-3 = ge | ge 
E trl amak: ТТЫ Е 


Има гй reduction potentiale are gren directly taken Ironi the table. thee 
must be used zs ia: 

те Ll pn LER 

E rrll qa alr E агай 
Тш means standard cell pocential describes oxidatiun potentials of beth elez- 
Мез [ы 


( (Chapter-d4 Jj 


6- If the value of standard cell potential is positive (E? = +), the reactions 
al poles occur spontancously. But if the value of E” y is negative (Е? = -h 
the reactions at poles do not occur spontaneously and energy must be given 
extemally. 


Example 4-5 
Write down both Daniell cell half reactions and calculate standard cell poten- 
tial. As standard reduction potentials E... 9 0.34V and E". „= «0.76 


m 
tine 


Note: To show standard potential is a reduction potential E 
used, 
Solution 


с Symbol is 


When we examine standard reduction potential values, we sce that we need 
to choose copper pole as cathode because this pole has the highest standard 
reduction potential. We need to use zine pole as anode because this electrode 
has the lowest standard reduction potential. (point 1} 


^e? oe о Ф 
© Зе" 


Zn, +26 E? = *0.76V 


Си” + 2e — Cu E? z-H)34V 
fagi ixl 


dihal 


Here what needs attention is thal when we use zine as anode, we have to 

reverse the sign of standard reduction potential. (point 431f£ the number of lost 
electrons is equal to the number of gained electrons, from thé sum of two half cell 
reactions, we get the general cell reaction as follows: 


Zn, Cu ui — Zn" o + Cu 


Isi 
T E us + pe 
E catt E uode E сапе 


E" ,7 (0076 V) + (2034 V) - LIOV 


=й 


Nate: To calculate standard Daniell cell potential, we can use the following 
relationship: 


B= EP aua Е 


ciheti inede 


[Ff we take the standard reduction potentials from the chart directly, IF we take 
the standard reduction potentials fram the chart directly, 


E? = (40.34 V) -(-076 V) = 1.10 V 


4-7-5 Types of Electrodes 
Here we will mention types of electrodes widely used in setting up galvanic 
cells, 


l- Metal Electrodes / Metal Ion 

This kind af clectrodes are obtained by dipping a metal rod into the solution 
containing Ue metal's tons. For example, zine electrode which is dipped inta 
zinc sulfate solution. The interaction af (nn electrode as anode or cathode 
is as follows: 


Reduction (cathode) 
Oxidation (anode) 


Zn" - + e — Zn 
d 354 à 
Zn. — Zn АР. 2e 


2- Gas Electrodes 

They are set up by pumping gas into a glass tube filled with solution containing 
the ions of the gas under a certain pressure. As gas does not conduct electricity, 
this electrode will supply a conducting medium for electricity. Generally, plat- 
inum strip which does not have tendency to react is used inside the glass tube. 
For example, into the solution like HEI which has Н” ions. hydrogen gas is 
pumped under 1 atm pressure. The anode reaction of hydrogen electrode over 
the piece of platinum is as follows: 

Ну, —2H'u 48 Oxidation (anode) 

In a different way, chlorine gas is pumped into a solution of NaCl or HCI 
which has chloride ions. The reaction of chlorine cathode reaction over the 
piece of platinum i5 as follows: 


Cl 1 22 ج‎ СГ Reduction (cathode) 


Ng 


Exercise 4-5 

Calculate the standard cell potential 
which consists of Cd pole dipped 

in 1M solution of Cadmium nitrate 
and Cr pole is dipped in EM solution 
of chromium nitrate. ШЕ you know 
standard reduction potential; 

E, a= 040 V 
G = -0.74 Y 


TEs 


Answer: +0.34 Y 


Exercise 4-6 

Do the oxidation and reduction reac- 
tions expressed with equations below 
occur spontaneously? 

Standard reduction potentials: 

E* = 028 V 


Cus 


E eas 5e V 


Le] 
NNI 


E^, 4,7 -U0.44 V 


Tera 


E = +150 Y 


Aut T 


Ly Nia, + Co^, = Mi „+ Ct, 
2) 3F&,, * ZAU jag — 


3Fet o + At 
Answer: 
l- Ni-Co reaction docs mot occur 
spontaneously. 
2- Fe-Au reaction occurs sponta- 
neously. 


Bi Fe 


3- Reduction and Oxidation Electrodes 
They are set up by dipping а graphite rod or platinum strip into а solution 
containing ions of an element which has double oxidation state. For example, 
it is set up by dipping platinum strip into the solution containing Fe and Ее?” 
(or Sn" and Sn? ) ions, When this electrode is used as anode, oxidation reac- 
lions can be written as follows: 
at At Log 
pe", o? Fe" gy Te 


4-7-6 The expression of the Galvanic cell in writing 

Generally, in order ta express а galvanic cell, notation method is used. There: 
fore, we need to symbolize the poles, Later, they will be used to express the 
cell. The electrode is written as element electrade/element ion, For example, 
let's consider zinc electrode which is dipped into zinc sulfate solution where 
reduction reaction occurs, It is expressed as follows: 


Zn” | t2€ — Zh. Reduction (Cathode) 


It is expressed as seen in half cell equation. Firstly, the symbol of metal ion 
is written, Next to it, in parentheses, its molar concentration is written then à 
vertical line is drawn and symbol of metal is written. T is as follows: 


Zî (М) Zn 


or for oxidation reaction: 
+ a 
Zn, — Zn. + 2€ 


For this situation, firstly the symbol of the metal is written. Then a vertical line 
19 drawn and the symbol metal ion 1$ written. Next to it, its molar concentration 
is written in parentheses. All these are as seen in half cell reaction. 


Zn | Zn™ (1M) 


Vertical line shows the phase boundary. attention is given, zinc is in solid 
phase and zinc tons in aqueous solution are in liquid phase. Therefore, in order 
to divide two phases, a vertical line is drawn, The concentration of the solution 
is written after the sign of the ion. Because [M shows the standard concentra- 
tion. 

As an example for expressing gas electrodes by writing, we can give the nota- 
tion af hydrogen electrode. 

Inthe following oxidation reaction: 


Н. + 2H',, + 2e Oxidation (anode) 


In order to express the electrode, as in the order in the equation, half 
cell components are placed. Firstly hydrogen gas and next to it the value 
of gas pressure is written (this is for gases only), Then the symbol of gas 
ion and next to it, its molar concentration is written. 


Pt! H, (Та) | H (1M) 

As gas cannot conduct electricity, to conduct it, platinum strip is used. 
If it is used as anode, it is written in the beginning of the notation, if it is 
used as cathode, it is written in the end. In the electrodes used in 


reduction and oxidation reactions, for the oxidation reaction, the nota- 
tion of the electrode containing Fett, Fet ions will be as follows: 


Be ct Fe tec 3 Oxidation reaction (anode) 


Pt | Ее (1M); Fe" (1M) 
In this kind of reactions, as they do not conduct electricity just like gases, plati- 
num strip needs to be immerse into the solution. While the electrode is expressed 
by writing, the symbol of platinum, Pt is written just as the gas electrode is 
expressed, As both toms are found inthe same solution, a semicolon (;)is put bg- 
tween symbols of two ions. 
As we have learnt expressing electrodes by notation, we can easily express 
a cell. For this, we join anode (oxidation) and cathode (reduction) poles. To 
express hy notation, on the left hand side, the reaction in anode is written. The 
reaction in cathode is written on the fight hand side. Between those two parallel 
vertical lines are drawn to express salt bridge in the cell, 
Аз an exemple, we express the Daniell cell with general reaction given: 
Zn + Ce , —Zm" Cu. 

їчї (up iij} ixl 
We can express the cell as follows: 
Zn | Zn” (1M) |i Cu* (1M) | Cu 


Oxidation reaction in anode IT Reduction reaction in cathode 
(Two vertical lines between expresses the salt bridge. 


Example 4-6 


Express the cell in the igure by notation. Then write down both half cell ;- 
reactions. 


Solution 
The sum of two half cell reactions gives general reaction and it is as follows: 
Zn Za? o + Je Oxidation reaction (anode) 


7H om Де — Н Reduction reaction (cathode) 


PITT 


The sum of two half cell reactions gives general reaction and it is as 
follows: 


Zn, + 2H’ 
lah 


The notation of this cell is below: 
Zn | Zo” (IM) II H* (1M)! H, (latm) | Pt 


— Hn + 
inp én Lu Hay 


"e i 0 
4-7-7 The Cell Potential E, Gibbs Free Energy (AG ) and 
Equilibrium Constant Keg 
As we know, galvanic cells transtarm chemical energy inta electrical energy. 
The electrical energy (joule unit) the cell produces is equal to the multiplication 
of cell potential E^... (volt unit) with total charge that passes through cell (C) 
[coulomb unit). 


Attention: 
Unit of coulomb (C) multiple 
unit of Volt (V) equals to Unit 
of Joule (T) 


Exercise 4-7 

The general reaction of a galvanic 
cell ts as follows: 

Cl, + 2Ag,, ACE Ag a 
Express the cell by notation under 
siandard conditions. Later. write 
down the oxidation und reduction 
reactions. 


Exercise 4-8 
Standard reduction potential of sil- 
veris Е? а, *0,80 V. Can HEI 
salutian dissolve silver metal found 
in the following cell containing ü 
solution with | M Ag ion? (Note: 
Dissolution of metal in solution 
means that reaction occurs sponta- 
neously.) 
Ag | Ag CIMD E H LN 

Н, айту) |P 


Answer: HEI does not dissolve the 
metal. 


Electrical Energy (J) = Cell potential V) = Total Charge(C) 

Therefore. joule unit is equal 1o the multiplication of Volt unit (V) with electri- 
eal charge urit (C). 

= 1v x IC 

The total charge passing theough wie cell is equal vo the multiplication of mole 
number of electrons (n) and charge of | male of electron which called Faraday 
(and shown with Е). In other words, the total charge passing through the cell 
is equal to (п). As known, | mole contains as many charges as Avogadro 
number (N J. Therefore, Faraday (F) is equal to the multiplication of electron 
eharge and Avogadro number, 

F = electron charge (€) * Avogadro number (№, ) 

FN. (mor) x e (C) 

Value of Avagodros' number (N, ) = 6.02310 

Ifwe insert e 1.6» IF" {С үш the equation, we get the following: 

F *64023x 10" (mol = ТБО С) = 96478 Супо, е 

Ini chemical calculations, this value is taken as 963040 C'mol.e, Therefore, elec- 
trical energy is equal to: 

Electric charge(J) = Total charge (nF) = Cell potential (E° „= РЕ? a 
Electrical energy produced in Galvanic cells (nFE* „) is equal to reverse sign 
of free Gibbs energy AG". 


Therefore: 

1) AG? = -nFE*, py 

As known, when the free enemy is negative, reaction occurs spontaneously, In 
the relationship (1) above, io have a negative free energy AG", ihe sign of E^. 
needs to be positive. According to this, as long as the sign of E", is positive, 
the reactions occurring at poles have a higher possibility of being spontaneous. 
Besides, if we examine relationship (1), we see that it does not include con- 
centration and pressure units. Also the temperature values are also missing. 
Therefore, standard cell potential E^... and standard Gibbs free energy AG? can 
he shown as follows: 


2) AG? = -AFE 
Previously, in Chemical Equilibrium chapter, we have written the rela- 


tionship between standard free energy AG" and equilibrium constant 
K. 


ЖЧ 


3) AG* = -RTInK,, 
If we exchange the AG” in (3) with the one in (2):we get 
4) -RTInK, = -nFE?, y 

If we re-arrange (4): 


5) 


call 


roll 


RT 
Eo „= 


т Ink, 


Al 25 "C (298K), If we insert temperature C, F and R values in Equation 
(5), we get the following equation: 
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F = АШК лак. E = 8.31400 Kail] 
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ima ox The mole number of electron taken or given cin osulaion and reduction 
гелт] When Е а hogh alt egll г clits po ges the беги а теа сипа. Thus 
exuti isatje usel Pur a eerta teniperatare 425 ^( à. 

Tahle 4-3 expla tie êli аит Aa Scand te] energy. E, shar- 
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Example 4-7 


ШЕ ШЕ ИШ ШАЛ nd a galvaniz call is as trolls: 


DAg' Ph —2Ag + Pho 


hl Al 


Calculate SU and equilbrium constant TK, 1 values at 25%. 
S:ancard reduction potentials E" , — HLH V. E? = abd V 


Solution: 
Wee vei ne alere qp иги [ах Чати; ч з уе {тк nap! Had] eel pea tees 
РЬ Ph +2 Ea my 

з ^ б 
ЛАШ. Е = LOL EIE 
When we ihl binl Fall sell regar ove ge il general ra eur arm ins 
leen. 


a Ph +e 1 РВБ‏ چ 
SUT Int =з? ШЕП‏ 
Te ат аше мапа cell gmizntial E‏ 
EA mE PR‏ 
al ПЕРЫ Uaitnc.‏ 


Be = Г Мр (a V) = uu V 


We cansaleulae SII standard Feil Ta tee eueigv using rhe relationship he 
Eween MIU aral Tund: yell piter iil E ue 

Abr = -FE toca = -3 sw MOUSE DC TR] 2 Dens Vi 

Abr 2-429 0p mal 


Te nurse rhe Гаа а helew rre calculate esqulibrzum cenam K 
KT 
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eq 
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asi- -À Iln. a D" HI с аш 


Û - rr са E" cel 
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Table 4-3 

the relütiensaip штап 

AC? standard free energy. E^, , 
eramdard ced poreriial and eyjuilib- 
rium Cartan. K, 


Attention 
This reuztioc occurs enls at 25 ЧГ 
bith EF eemperalturz. 


Exercise 4-9 

Соса atit standard Cihbs zree 
ener wi Sandan ell reacli 31 
да 

1] [uctus tithe Ы ko uem 


SALH ТЕ ҮШ 


Ens T па 
ES ig ce ау 


Answer: „у J rcl 


Exercise 4-10 


Ths wagter sapati nf a andal 


vell ip ZA RT is as Glove = 


читера Fe LE 


аштап! reduction potential: 


alils Wie fil fae гарз: 
^ p Simia cell pesrenial 
HE Standard Cibb^s [ree enerzs 
C Equilibriuma Cns:ant 4 K 


Answer: 
j.24 v 

Ri -40329 Liu 
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Lhe number of electrons lest ar gained in nwa half cells is n= 2 and 
гелсин сиг ab 25 E, Шеге: 


eh | 
0.93 V ——— Ink 


Vw eee inser! thy values in tlie equation, Bis as tellus. 
k 25x 


4-7-8 The Effect of Concentration on Cell Potential 

(The Nemst Equation) 

Зн dar, we have examined reacramo and. tts an deduction and oxidaniem 
peintres ИЕ ШШЕ ИЛЕШЕ ЕК ИШҮ ЛИ ЛЕ ТТ exque 
н). М]. [бщ sometimes we need different concentrsticns. Therefore. we need 12 
know dhe relationship between non-standard cell potential and concentrations 
of cell cnmpsoneuts. 

In. T hirmeslcnzamigs. wa: hare leira ihe relistianship: Гага сал ала аг droc 
Qibbs energv SO" and nor -standard Gibbs enseres AG. 

4A-DbB e ЬН 

The гар Fera een Gibbs ererzs AG ard standard free Gibbs i nergs 
Aci mi ahnen in rhe fummula helo: 


lt AC =k? + RTÍn Н" 
[АВ 


SO" рава агу Tee Coble eres. Bop eas costanti HA PK mele T is tem- 
perature in Keben enil and Ads nun-standard free лБ, eners. 
‘The result of quotzent is shown wilh ©. 


[taf LET] 

AFLEI 

Yee cam rewribe Ecuation (Li as bellows: 

PAG = AC + ВТА 

From the relationship beta eer ill Arl гнета Тее ences aid «e 
[Wels tnis Lue pel LITT Fille. my кү|! ич 

AL = “NEE.‏ إ3 

4) AC = -n FE 


We pel Equauen [51 when we insert AC amd AG value doni И and t4] 


THEO 
3} -nFF ,—-nFE* |— ВТ 


When we divide equation (ag vh -nE, we get equalien te 
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Lua бн called as Ше Meret Equation. W relates dv rn ul cell рее 
and standard cell potential wih Ck. [Pde substances m nisture are ruler stan- 
dazd conditions Lar as Thl, CF is equal to |. so Int 15 egual de zero. | he second 
part oF Equation її] 15 equal o zero daereforc, we ect E ¬ E? 

We ean simplici Equation [42 bv wiserlinz 25°C [ZU р, male number snd 

F = 4650 mele in Ihe plazer: 


026 (V) 
TE E ——— In 
n 


E ET 
Пих equation can he use en al 22745 EHRE ү, 
The eraga eguitan enables us to сар alat E, qp a8 à Fürction of she 
pereenbiatian af the reactamts and praducis ip a cell астей. far example 


the general reaction Daniel cell: 


Яп TUO Sn +t. 
lat Ley! lay! p 


CUR ZSTC, fen qd zelo stadia рй trial | 1 X, ses an mw ry Hasan 
BI] LIL sn folus: 


(OM Y (en | 
n ` 
n [cw] 


Нет аспат |5 needed as che eomzeniarimm sales nf snl aylarga 
Гает [Cu] - M. ley are ms егеп rw une quur ierit. 

Example 4-8 

Calculate cell potential Е , uf 1Fe following equation vt 28€. 


1A, . ала pus 
Ап с! + и, = AB iu NET 


The cunc тацга гъ uf iuris; [Age СЧ I [Ги 1-7 BO M and 
andar edition poremial: E yaus = AEM ES, a= IAI 


Solution: 


We wr гея Ет ALIGN Jf anode er cal hide. 


or › Сш Ie E uc A 
IA +e oe TA E^ Q7 PERN У 
Toa Tu NIE 


Standard cell potential: 
E ai -F n. -F 


1 E v^ hdc 


Ea 69 4 Vor HERI V] T Dd V 


чы -c ——e Hu 


Exercise 4-11 
Calculate the C, E". 


for the follow ing cell, 


Mp | Мн (EOS Sms | Su 


and Aci ALLS 


Standacd reduction риши: 
Eus = MIA 


E E -3.10 V 
Answer: 

E. эту 
L['.e5 39 


AK = APRILE Jl 


Па ri om cl rı liom 


Figure 4-7 


Elect ridytic cell a 
fused iliu chloride . 


We calculate Lo trem Nernst Lquation: 


5 Кїз, Y [Cw | 
E, b: — ln . 
n ТЯ: 
р nn2n v 1.41] 
Ey - 036 Y- د‎ In ——_——— 
; = iul 


4-8 ELECTROLYTIC CELLS 

These cells consume cleziiical energy Thee conser elezirieal cheres ima 
Chemival yener Reactions di un occur spurnapmansIs Elgg КЕЛЕЕ 
ejeg n unde qu start eae nuns. Thay meas pergatis has sarà passe imn 
(ALi =f Electroletie cells have many agplicaunns in industry | or example, in 
purification af metal: and in elecuroplating . this method is used. In this 

parl. we will es plain «me elezirolstis cells 


4-8- | -Electrolytie cell of fused sodium chloride: 

The геи уназ 1n elecirals tic cells oczur using elezirizal encre to make 
non-spuntaneon: лл гс cull reaction happen. in fused 
esedium ell oi iv gun ris вай риги and cherie pene pi free state In Fig. d 7. 
the elecun stie gell af used кышт В овга is shewn. C'urber. and platicura 
locns aie dipped iniu. fused. эмиг chloride in rhe ell In eleeuelvzis 
reaction. sed petu n aceus за, Sodin tunes uie rzxlusei dr exlra me- 
al. The reacuen at zabrude is as Tolls: 


— 
аз "тЇ! 


Mu ope eR 

Ssmo дыра a дин CT lun ule potra 
en hime e efle ite adora arte ities 
combine and form chlorine gas 

Beacon ac uncale: 


ATO а 


"1o max e number nt electrons equal. reducran hall reaction is multiplizd Im 2 
anl lect snc питата tran hah zellegnarians. Then bark alf coll ema- 
TRIES ilps ТИЕ 

2Ma + o— 2M 


Mr 0-2 


Reduction hal? regete ieit hedi} 


{чап halk reaction Сатр 


AM 4M] FY +. genera гейип cell 


Sodium and chlarine need ta be collected af different containers ra 
decid Mien reacting again and forming чїнЇйпшгт “Һе. 


-2-Electroplating Cell 
Electroplating is plating of a metal with another metal as a thin layer by elec- 
trolysis, This process is very important as it is used to protect metals from 
corroaion. 
Electroplating cell consists of anode and cathode poles. Anode includes metals 
like gold or silver which we choose as plating material. Cathode is formed from 
spoon or alike which we want to plate. 
Salt solutions of plating metal as AgNO), silver nitrate or gold nitrate Au( NO. 
is filled into the cell, Fig 4-8 shows a plating cell which uses silver to plate a 
fork. Figure 4-8 
The quality of plating depends on the voltage of electric current and the con- py ectroplating Cell 
centration of the plating metal. 
4-09 FARADAY'S LAW 
In the early 19th century, English scientist Faraday formulated electrolysis 
laws known with his name through experiments. 
These laws: 
First Law: 
The mass of substance is precipitates on the cathode or melts at the anode or is 
released as gases at these electrodes are directly proportional to the amount of electric 
current passing through the electrolysis circuit. 
Second Law: 
When equal amount of electric current passes, the mass of each substance at 
electrodes is directly proportional to their equivalent masses. 
To understand those laws, we need to lcam reactions occurring at electrodes well, 
Reactions at Cathode: 
A- At cathode, ions reduce to their atoms and deposits. 
B- At cathode. positive gas ions evolve as a gas as H. 
Reactions at Anode: | 
A- At anode; metals dissolve in electrolyte solution, 
B- Ar anode, negative gas ions evolve gases like CL and O- 
Before we apply Faradav's Laws, let's learn terms ead units in this law: 
l- Electric current is represented with (I). lis unit is ampere and shown with 
(A), 
3-The symbol of electrical charge is iQ and its unitis coulomb and shown 
with (C, F- 96500 C/mol.e, F is Faraday constant, ©}, electrical charge is ob- O——Y— =“ 
tained from multiplication of current (ampere) and time (second), (mole }= mole number of elec- 
Q (C) 7 1 (A) x t (s) 
In order to convert electrical charge into mole number of electrons, Q is 
divided by Faraday constant. 


i о MAI GG) 
С) imale 96500 (C/moLe | 


Let's explain calculation of Faraday s Law here, The mass of substances that 
gathered at cathode or dissolved.at anode or evolved as gas is directly propor- 
tional to their equivalent masses. The pass of | mole of electron 96500 C or | 
Faraday current from circuit means evolution of 1 equaivalent-gram substance 
or dissolution at anode or evolution of gas at electrode, Hf we do not want to use 
equivalent-gram unit, we can convert mole number of electrons to mole mim- 
ber of according to number of electrons gained or lost electrons in reduction 


coe WADE t(D) 
Q imal.) YAS (Comoe } 


mig) 


M (g / mal) 


n (mol) - 


number ef atas 
releas 
Avagadro e aura ber 


_ WiL) * 1 mol 


22.4 L 


„п = Mímol / L )x V(L) 


Table 4-1 Table showing steps 
to be followed while solving 
problems about Faraday's law 


C: > 


Chapte 


or oxidation. We follow the steps in Table 4-1 while solving problems about 
Faraday. 
l- We can convert electrical charge to mole electron (@ (mole-]) by using 
following equation. = — | 

ЦА) х t (s) 


{ше у= د‎ 
Ros Ст 


2- We get the mole number by using number of gained or lost electrons in two 
half cell reactions. 

3- Using the formula below, mole number of evolved or deposited substance is 
found after passing eleciric current through cells. 


1 mol 
п = k= ڪڪ‎ 
ihe passin от celi e 
сым half — сий] тест 


d- Using the formula below, by multiplying number of mole (n (male]) with 
molar mass M Круто), we convert ro mass of substance deposited at cathode 
or dissolved at anode. 

in (g) = n (mol) = M (g/mol) 
Or using the following formula, we conven number of mole to volume of 
released gas. 

PV = nRT 

While solving some mathematical questions, the atom numbers of elements 
in electrolysis oe molecule numbers or number of electrons gained or lost 
in the cell might be needed, We can solve these questions by assuming that 
atom, electron er molecule number af any substance in cell ks equal 10 Avoga- 
Што number. 


Example 4-9 

The half cell reaction is as follows: 
Mg" ui Fa — Mg, 

How many grams of magnesium are obtained in an electrolysis cell in which 
25 A current passes in an hour? 

Aiomic mass of magnesium is 24, Calculate the number of magnesium atoms 
accumulating at the cathode under same conditions. 

Solution: 

In the Faraday's Law, the time unit is second, Therefore, we convert hour to 
second: — 
ris) =t the) see a tts) = 1 (ату A 


= 360 
| (hr) 1 (hr) 


With respect to number of moles of electrons, we calculate the amount of 
electricity passing through the cell: 


: (А) * t (s) 
Q imos = ^ 
Q {meleg OS OU (irmi | 


25( A) * 3600 (s) 
96500 (Creole | 


Q (mole) = = 09 mole 
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Accum итр Do tbe падае» redu tion equat. we can su Choad 
when 1 mole of magnesium deposits, 2 mole of electrans pass through 
the cell. Lerefore, the mole number orf magnesium is às Ted Ires: 


ne Qs = 


1 cred 
no pmol,- d. mol v + - 0.45 mol 
per ar limoke! 
From the rallising equation, we can get rhe mass in pram unit: 


ni ths 


Megs mal) 


ri ( mil у = 


Tr males ree find rhe гонга ае of hg agens lene ar ihe cathode, we neci 
иу ages I Fede ШЕЕ SFR mme abr as eod SS naber, 

m (v) = n (mnl) * M ge onl} 

m igi = WAS nol} x 24 (ga mal) = 10.5 g 
Slumber ar atoms = number af moles  &vngadra s number 

N= farms molis m (moli 

N = @.02х 00" catoms mal] x 045 (mal) 


= FTE HIT anam 


4-10- BATTERIES AND FUEL CELLS 

Grencralls ealvanie cells ere ca bed as batteries and divided inp qua 
Kechameable and патр гас Тае а hamis 

A balen generally consists ola Fes аат celle thal ane zonnected one i- 
ter опсег, Vie kedal charge is equal in the sum of tae charges of tase cells. 
] e18 talk also heaz harreriea эла eden uic in eur diis lives. 


4-10-1 Lead Storage Batteries (Accumulator) 

This ype ot hallar i5 esed in industry and to supply encres tor mans applianz- 

cs and schieles. | папа ме nf lead galvanic sells that hasc potentials alittle more l'an 
2S Lacey egil Dias gor par podus anc af lica ie made up of lad Ph and works 
as апше amid the valer is irae up uf bead uside Ph ала works ir cathode. diese 
ee pales arcmin] ke in sulfuric acid ШИ ШЕ w hach 18 an electpuly sts so uan 
and has a density lerween 1.4 ml. and 1.5 gml.. Elis battery consists nt 3 or 
more cells and works aaa ра апи cell иһ a potential af 6 V or 12 V. Fig bo 


Ap long as the batery works, lead saline PESO. deposits aa à solid an both 
pales. While soluit aco is consumed 2s ims, the amasan det water in- 
grases and therezare, (he density ot acid solution dezreases. When the 

car stris niin, wilt vollage ellect batery hall reacts are reversed. 


Exercise 4-12 

Calculate che clecrrie current 
"e need ts supply un 200 see- 
ик in inier ta deposit + grums 
ef gold at the eathado m sold 
chloride, utl. suc, 

[Ан = 197 лг) 


Answer: 21.7 A 


Exercise 4-13 

YAS A of eleeuiec urreni wa zs - 
enio the copper sul Fare; Cus, 
salutan “with 02 hd cencentracien 
and АЙП ml volume. Calculate 
the length ar timc needed tn 
rema 0.03 male af eapper ion, 
Cut, inthe solio. 


Answer [EO 5 


= 


Et. 
ae 


^ 
E 
А bod 


> 


Figure 4-9 
Ltd Slurage fae caes 
[Acura Lape | 
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Pb, Phe, and ASQ), are Formes again. By supplying an electric correct 
opposite mr Lie ree ln in the batler v, IL Lan be rela ge agni. [n Lis 
case, it hecames a battery that consists or a greum of electrolysis cells. 
PESCH solution decomposes at two poles and the density od acid actui ns 
1o tlie стріла state. 


4-10-2 Dry Cell Batteries: 
‘This type of battery i5 made up of a zinc bos which works as irde 
Ше with Maw, carton (graphite and аттаныш chloride TNH 42) 
Paper blank wet paste. Fig. 4 10 
Wet paste af 


МЕ, Zn: T І - : 
Y ^. Properties: Ley have à potential or TV. and they are used in meny 

aver af Iq, — appliances like radios, calculalors, toys, etc, ап they are iot recharge- 

í © abe. 

t. Pad 


-yape sali 


LUMES 
leak ajith’. a 


Figure 4-10 
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BASIC EQUATIONS 


Calculation of standard cell potential 


The relationship between free energy change 


and cell potential 


The relationship hetween standard free en- 


ergy change and standard cell potential 


The relationship between standard cell po- 


tential and equilibrium constant 


The relationship between standard cell po- 
tential and equilibrium constant at 25 °С 


Mernst formula for the calculation of 
non-standard cell potential 


Nernst formula for the calculation of 
non-standard cell potential at 25 °C 


E cet re E ws * E cathoae 


AG = – nFE 


cell 


AG -= - nF E 


LI RT 
- In К 


,  0.026,V; 
Е «ui T n : ак, 
RT 
E ° -— In 
cell E cell nF Q 
j 0.026 V 
E a cell In Q 


Lak Ал - 4 


BASIC CONCEPTS 
Oxidation: A chemical change which causes loss of electrons from an atom or atom group and increasing 
oxidation number, 


Reduction: A chemical change which causes gain of electrons to an atom or atom group and decreasing oxi- 
dation number 


Oxidizing agent: A substance that reduced and causes another substance to oxidize, 

Reducing agent ; A substance that oxidized and causes another substance to reduce, 

Anode: The electrode at which oxidation reaction occurs and is source of electrons. 

Cathode: The electrode at which reduction reaction eccurs and attracts electrons from the anode. 


Electrochemical Cell: Electrochemical cells consist of two electrodes of which one is positive and called as 
anode and the other is negative and called as cathode. Both electrodes are dipped into an electrolyte solution 
which includes substances to help reduction and oxidation reactions. 


Galvanie Cell: The cells in which chemical energy is transformed into electrical energy during spontaneous 
chemical reactions occur to produce electricity. such cells are called galvanic or voltage cells, 


Electrolysis Cells: These are cells which consume electricity. In these cells, electrical energy is transformed 
into chemical energy. Their reactions do not occur spontaneously. They are widely used in industry. Electrol- 
ysis cells are used to purify metals and in electroplating. 


Eleetromotive Force: It is shown (emf) symbol. It describes the potential between electrodes in the galvanic cell 
It is expressed as cell potential (E^... But here it refer to the measurement of potential not force. 


тей 


Nemsi Equation: It is the equation that relates non-standard cell potential Е (in which ingredient substances 
have concentrations different from IM and at different temperatures) with standard cell potential, E” 
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note; This equation can be usefull In x = 2.303 log x 


QUESTIONS OF CHAPTER-4 
г. N - Fs lain the tuffe "a TE] an] 
Anode. eleziromotise ree. „Лат Шиг reduction putentizl. «ali aridas 


йылга Реноа, Ск constant и tell dheir anas. 


4-1 Linder standard cours. hish ofthe fullowang pas are pelted ae аар agens? 
шаги dugri реса s E ^ n sa E". sy 1) an, E"... " 11 IFT V. 
BE. = -0 4 V, E oi dae 


a) fur ar Pa b) H. m Ag c) Ce in ir 


3-4- Write dos n the eurattun depending cn the relatiuriship bete een ACT. E E E" and all heir syrubels. 


4-5. |n an дши solution containing Fe *, Fen, Ceo and Catt ions under standard conditions 2547 and 1 atm pres- 
abr, Hig ausim vss ar apanho CU rs у. Calgulate ihe OC anal К sabes of lê rigli. ГГ" (3131 1.1 * Hi up 

чан ай reaction penal: E" eas = 472 Wand Күш, Solal v 

Answer; -A bi Proud, E | » H1" 


4-6- Wrile danni the Nerd Cor oni all UY serlo s. 


4-7- Calculate the Adi. г", and Û, ler the filler cell reacia. (101.257 AZ, шб -1 0.51 
арма жа m MESS T 54, — [MEUS ШАМА. St] HAM 

NU oer user ES. Or. [сг] өл. Dust exe DH ESI 

Stari ге шый чен ИШ 

Euge Ve Eus c TI PW E a, T IER V und E" oa. > T4 


n E ri. 


AqSWeT: d) 3.24 Wy RET os AR Таты] b) 4542 55; AEA V; -405 34; Curl 


4-H- {асил ье prtgr tial at E. anl [m zt the tell tried fom SHE aad Zn. Zn half cell. 
[H ] " тям. lui | amm, [Zn] 7 ОЧАМ К" з, 7 E20 V. In 12 7 a? 
Answer TAW, U. 


3-5 Tell the dilferer es beweer a ahane cell and an e ectrelviie cell. 


lle In ihe eleerred vr cell, onc et the halt cell reactina is as Follow. 

HAD, Ou Ha 4; 
ALCS an 2355 inni] pressure, ORI. IO. uris veis йк ab Hie electiode Circulate the umber of mole elec- 
Lan po pass Ve circu Шиг кйгй г ыз. 1 MM. Fe red dp 


Answer : lly? tale 
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9-11 Which of che meo ПИЙ saluran сапалар alum nim aad goli ions produce hydrogen pas! 


srandiérd гана patena] ef geld E"... — 1,50 V. starfar терип potential ed abheminum E^. = V 66v 


Answer Hydrogen ue la released Iron aluminum. 


4-12- In che tollowiae cell. Chess dhe cell пош їп take placc spontaneously ur nol? 
Standard cell рыма E" > - Ez VEU O 7-077 V, 


шш те рү" 


че" Мр Fe" eO Аг йн г uai Ft 
Answer Iran tan can canli. 


3-13-A"ulszulate poent Ше hubiesen gits Н. I pale ini an electro tie шил hich 2н = | at | ilm ang 25°07 


Answer 00502 М 


4-14 Specify the ceducing and илет agerts an dhe Callus rag euuauun. 
AgMQ.-Cl.- ROM «Aub - KCI LU 


ЕБ 3U we keep rhe salurgin e ah p aalr an vopper гир 

Standard reduction potential. ÛL "s — 44, Ls -.l1s0*X 
Каа ya бозу 

ATSWeOF: Yes 


4-16-47 we keep copper sullate UC usc 1 solution in a nizkel cup? lel the reason. 
Standard reduction potential: Е" К 4124 V, E* -- 63 V 


Answer: Nu 


4-7-1" шшш ths tun gitaya nod zim, gans in rhe seliman ed zing Шаг, Wo- ди а о геи и pater rs 
L-0.587 А) Standard Zinc reduction potential: E" -GFA W о А б 168) 
Answer OUI mal. L. 


Sale ular thy Daniell well река as the eoncenrariunm uf zinc sulfa 200. пайга is EAT and thy tongen- 
Lair of copper зше. CuSO. solaio is 22 TIT an 257 C. Sid cell putewial is 1.00 Fj. lib 33 
Answer: = 1.1 v 


A-Fu- Yr filh ef eue fel awing as dn АНШЫ rudera ТҮН 
D ALGO; GUC] — ALLL ° ан: 

2) Ma ° CI — Rall 

3) SKC: КЕТ 30. 

4) i Bm ` ALO — SM ° HBr 

5) نے‎ = EuS Zo — Cu 
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4-20- Auli шаг: “lay eny as change of galeari, oll whirl [as a staralara potemial О 748 ат 23 77 pindo- 34 
Curbs Cil; Cu, ! Cds AN 
Answer: -| VU Fol 


1-21 -ACaleulats ee thes enere: change e the fullewing esl wie lias a standard ийи тшп e? E^. , i, Ln v. 
Erw. cm 3° Vint PH — -A 3 
Me | Ми Мн Ber rm IM Bed Fauni Pr 
Answer -à*5300 J mnl 
4-2 2-Culculate the fiee energ change ir е cell with 2.27 [uc 23707 Toe Full pee tives is ei en helos 
TURD Ply, Hs, Pua A DAIM 2000) — 16. Inf (E —-ф› 
Answer -3057 5] mol 


4-23. The Piele reari g reden neu s dum a Tae gll ат a5 ЕЙ 
E qe Мы, Bn * ISE Sag 
Les AUS Buys A und tlie men = standard potential ef che cell cs e Т calculate the concentration ef 
nickel inns. sn electrede is under standard eondunons wi 181 Suton. [In 1- 4.2 j=l | 
‘wiser Cp mel. L 


4-24-In this reaction: ADL AP GNE IE Ca INTE] Cu. Calculate the reduction parentizl talon ss standard cell 
penal i [36e anl маа rada putent al af eadmium. E" rs Й an V 
Answer: - | ti | 


4-24. à galvanic cell al 2340 ut one pole there rs hydrogen gasi ac 1 amm pressure and ài the other pole dhere is O41 S 
КЫША Contam ig mmn kgl cns. 

Calculate Vue pH ofthis cell as [ee ктп ил Ia Vie vell reaction гъ 48 29 KJ Tul and tlie potential ef stardan nickel 
elecireul2 as 12 v 

Answer: I 


4-26- [ihe potential ut rhe Culling cell ps 0999? TF ad 23. (7. шыгат the voncentat on ul lir E318 он» in tlie 
elegiae solution. 

Sn | sn" tV) | Ag (ME Ag 
Silver electrode ss under standard enaditions. Улала redacti menal: E" 44« 4,7 OKT] V, E" nou, = M.T ¥ 
Answer: dl mul L 


4-27- [OA nl elece ситети i5 passed Шш. яп electrolysis cell containing copper si tue, C1 SU, saltiun for 955 
sccends. Calculate ihe mass and тигиле af azoms of copper агита a che сесте, thle - 55 g mol? 
Answer: 313 e, 3: VU atoms 


3-*&E- AS a гент ur passing 35 ur electric currenr through a metal salt with simple valence Fr 5 nin 13 secundes. 0538 
g o£ meal accumulated al the cathode. Calculate the atomic mass of the eril. 


Answer: [18 g 


l-29- [n order to release 2 11e af molar volume af ox YUEN gas Loder лаш с сацал 187111 ss hal is the nother 
nt electrons needed. (Molar volume ata sas under standard conditions (STP is 12.4 D. 


Answer: 48 Hi [ne 


a 


4-30- Ve har : the ameunr ul electric current bu be passed tarnueh £n anpere an elections sis cell For 2 heurs AIU sec- 
nnd necessary m release 350 127 Hr hydiegen and axsgen maleenles ar ern pales! 
Answer A 
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Я-341- A расе passed IGA nf electric current tip hain electroplating cell containine gold salt ie order to plat à 
pine Ag TAM uf electis virent vaa cashing) ir 8 45 ares. s ran as rhe criss af peli used anri pilaria? Aum y mass 
of wuld 97 mi. 


Answer: С 06 E 


Al- (ашин tae exquilihiriunm sanert of the fulleveing eai 
One: 1 P277. k SN iru: ! ГЕ. 
Standard redacti: polenta Û" , кз, СУ AL T4 V5 cn io]. 3li] 


a He чаа баз 
Answer: 2.Ih 


E33 In wer elec rolvsas cell ят STEP elocnüical eurn was атыы For inanes und Û камагы, helon anc axy- 
ornate, vn pleased in due yell e кле. | lie velim at the Terr pe leased pates ques s T O72 L. rie khen ifie 
ecuation ofthe exeo halves. and boral equation. find ou the volume cf each gas and the electric current intensity. 
Answer. 2 4 


3-54 - Sapa каи; selugion of anigi ss HE as ирд with vez, qas ШАШДЕ ap zen ede clips hy 20392 V 
Than ips Sanden zurzeit al. valele the eigena ur Тее nis |” "— 0n | 
Answer: UCD M 


COORDINATION CHEMISTRY CHAPTER-5 


CEN oli mmt Prec rc Prendre meten ЛА Frais cami rec ch ro arnai erem ҮЗ 
ci ЛҮМ, А єз їйї ENNEA га M 
ACHIEVEMENTS 


After completing this chapter, the student is expected to : 

* Differentiate double salts and complex compounds. 

* Learn the properties of coordination compounds and how coordination chemistry has developed. 
* Calculate primary and secondary valences of coordination compounds, 

* Learn special terms about coordination chemistry. 

* Learn about different types of ligands. 

* Learn central atom, ligands and they can calculate coordination numbers. 


* Learn the theories describing the properties of bonds m complex coordination compounds and they 
can apply valence bond theory on coordination compounds. 


* Find coordination numbers of coordination compounds and decide their geometrical shapes. 
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5-1 PREFACE 


Coordination (complex ) compounds have become one of main subjects of inor- 
panic chemistry as in addition to different colors and magnetic properties they 
have, they also participate in many chemical structures and reactions, These 
compounds have an increasing importance in industry, agriculture. medicine, 
pharmacy, modern life and clean energy production. Hemoglobin, B12 vitamin 
and chlorophyll are examples for these compounds. 


Most of the metallic elements in periodic table form complex compounds. 
But in this chapiter, we will study mainly the complex compounds that 
transition elements form. 


СООН OOH Elements that are situated between ILA and LA groups are called as transition 
| elements (Figure 5-11. Where the element is considered transitional either in 
Hemoglobin its free state or in one of its com pounds, if it have d or f orbitals 


partially filled. Transition elements are divided mio two: 


dia -— 1-91 group elements are called as main transition elements. They are found in 
+ 3 periods and each реті consists of 10 elements. These are called as first, second 
: and third transition chains. 


2- f group elements are called as inner transitions elements. This group con- 


sists of 2 periods, each period includes 14 elements. These elements are called as 
lanthanides and actinides. 


-си, Properties of Transition Elements 


Cus 
о, 3 i*u l- They have more than one oxidation states (valence), 
ORC, H h 2- [n the last orbits of transition elements there are d and forbitals. Those have 
UH Hy, unshared electrons. These single electrons give paramagnetism to atoms (at- 
OCH, traction property in magnetic field). 
Chilorophyl 3- Mast of their compounds are colored, 


4-CGreat tendency to form ions or complex compounds. 
§-2 DOUBLE SALTS AND COORDINATION COMPOUND 


When two stable and simple salt solutions (ammonium sulfate and iron (III) 
sulfate) are mixed in mole amounts and if the resulting solution is vaporized, a 
new compound called as addition compound is obtained. This process is shown 
in the following equation: 
(NH, 4,80, + FeSO, - 6H,O —. FeSO  CNH, 0.50. 6H,O 

Мпһг salt 


When copper sulfate, CuSO, is dissolved in a certain solution and with addi- 
tion of ammonia, the Following addition compound is obtained: 


CuSO, + 4NH,—+CuSO,.4NH, |. [Cu;NH,),JSO, 
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Figu re 5-1 Lucalion af lhe transilien elements: in the ретін lable. 


LIierefare, wee can side Alur eom pu ries ima reu 


A- Double Salts 


These ae sable salts nf ln cempnuind leri Vae dissolve in wate. They de- 
cum pose Lz ars thi fern tern. ler example. Mohrs salt. prepared in tie Trrst cup alia 
above, sivas Ee". SH. SD ° tons to the solution when it dissnlves in water. 


in this case. each ion keeps is severi chliazaclezistics. They cani be confirmed in the 


solutiei using comraon Methods od detevtien. 


B- Coordination Compound 


Vhese are stable addiction compound. Bur they don't dlecenipese ib guns which con 
them стыгы when they dissnlse in water. Fer example, Ihe enordinaz rn cempnund 
onl ANH, и Д ГАИ КАШИ bins dium uiv; i57 ol nur аии wbai an lig- 
andes ir wake, but if pres anly SOL - inn Ut inn takes place in MHI] enmples 
n azeorshrig ru thes Pollare equatiur: 
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K|Fe(CND,] = 3K' + = [FecCN),)> 


Coordinarion compaund Positive simple in Negative complies inn 


(Co, NH, у ICI, === (Co, NH, j, + ЗС 


Coordination compound Positive eamples ion Megane simple lin 


Some coordination compounds don't dissolve in water as they don't ionize 
completely, e.g. [NCO] and [Niidmg),| (dmg = dimethylglyoxime) and 
[Co( NH, CI] 


Example 5-1 

Whereas Fel NH, (80), is classified as a double salt, K [Fei CN), | is accept- 
ed as а coordination compound. Tell the reason for that. 

Solution: 

Fe(NH (SO, compound is formed from the mixture of iron (1) sulfate and 
ammonium sulfate solutions according tv the equation below: 


(NH, ),SO, + FeSO, —+ FeSO,. (NH, 2.50, 


The resulting compound is anhyürous( without water molecules) Mohr's salt. 
It gives Fe", NH,', SOJ” ions ta solution when it dissolves in water. In order 
to make sure that those toms are present in the solution, each ion can be deter- 
mined through known analysis methods, 

When К Ее), | compound dissolves in water, the following equation 
OOCUES: 


K [Fe(CN y 1 e | Fer CN), 17 + 3K’ 


As seen here, Fe" ions in free state have disappeared and these ions be 

within the structure of complex ian [РӘСМ Д. Therefore, when dissolves 

in water, the solution gives detection for K^ ions only but not Fe™ or CN: ions. 
That means whereas Fe(NH,MSO,, is a double salt, K,[Fe( CN),] is a complex 
compound {complex вай.) 


5-3 DEVELOPMENT OF COORDINATION CHEMISTRY 

The preparation of hexaammine cobalt (111) chloride (CoCL. БМН, in 1798 
is accepted as the real besinning of coordination chemistry. The preparation of 
this compound was big news owing toits unprecedented properties. The reason 
is that forming a stable compound fram two stable compounds (from mixture 
of ammonia and CoC.) could be explained only 100 years later. Within this 
time period, many theories were proposed upon formation of these compounds. 
But none of those theories were able to explain practical results, 


: 


One af those theories is the Cham Theory. The theory was submitted by a Swiss 
scientist. 

The method followed in this theory is the same as the chain formation between 
carbon atoms inorganic chemistry. Due to the general idea that atoms had only 
one valence (oxidation state) at that time, this scientist claimed that cobalt (IT) 
formed 3 bonds in complex compounds. Therefore, chain structure was used in 
order to explain the shape where 6 ammonia molecules are bonded in Coth,- 
6NH, {Formula L} compound, According to this, chloride ions aren't bonded to 
cobalt directly, when silver nitrate solution is added to aqueous solution of this 
compound, it precipitates as silver chloride. This theory explains the structure 
of Col SNH, [Formula 11]. According to this, one sigle chloride ton that 
docs not precipitate is directly-bonded to cobalt when silver nitrate is added. 
Meanwhile, other two chloride ions precipitate easily, 


NH, Cl 


Qo- NH, NH, NH, NH, CI Co- NH,-NH,-NH,-NH, CI 
-— нс 


Formula — il; Formula «IT; 


Сос. ANH, compound is shown with [Formula HE] that is compatible with 
scientific experiments. According tà this formula, there are two tons which are 
bonded to cobalt directly, But third chloride ron is not bonded to cobalt directly. 
Coll, ANH, compound is shown with Formula (IV). 


Čo- NH,-NH,-NH,-NH, Cl Čo- NH,-NH,-NH, с 
Cl cl 
Formula aun Formula n ) 


We might expect that the behavior of chloride ions in Formula 11W} is similar 
to that of Coll, ANH, compound. But it is observed that there is ne precipita- 
tien occurs when silver nitrate solution is added. Because of this and for other 
reasons, this theory couldnt explain all properties of this kind of compounds. 


NH, а 
Formula (V; 


5-3-1 Werner's Coordination Theory 


Werner proposed his theory which prepared a basis for modem theories 
based on the following hypotheses: 


l- Mast of the elements have two kinds of valences. One is primary ionization 
valence and it defines oxidation state that is shown with dashed line (----). The 
with other is unionized secondary valence. It is the coordination number that 
is shown continuous line | 1. 


2- Each element which reacts to form a complex compound tries to satisfy 
both valences, First valence is satisfied with a negative ion, second valence 
is satisfied with negative ions or molecules, 


1- Second valence 14 oriented to the fixed locations in the space called ca- 
onination sphere around the metal ten, This forms the basis of metal com- 
plex compounds (stereochemistry. ) 


Werner showed (СОС. БМН) compound with formula (V). This can be 
shown with the molecular formula of [Co( NH, ), CL. Here, the oxidation 
state of cobalt is (+3), Therefore, 3 chloride ions try to satisfy the first 
valence (balancing of cobalt ion charge), Second valence or coordination 
number is satisfied with 6 ammonia molecules. According to this, second 
valence of cobalt (1T) is û which is shown with coordination number. 


Six (6 ) ammonia molecules in this situation are called as ligands. Accord- 
ing to this theory, ligands are bonded to metal with coordinate covalent 
honds. Chloride ions aren't accepted as ligands. Because these form ionic 
bonds with metal out of coordination area and all precipitate when silver 
nitrate solution is added. 


Werner showed (CoCl, SNH} compound with formula (VT). Here, onc of 
the chloride ions saturated both primary and secondary valences, 

And expressed the bond that connects it to the metal with the continuous 
and dashed lines. (----). Therefore, the chloride ion doesn't precipitate easily 
when silver nitrate solution is added as it is directhy-bonded with cobalt atom 
inside coordination area. 


Meanwhile, the charge of positive complex ion [Co( NH, CI[* is (+2). The 
reason is that Co^ + С = (+3) t (1 = t2, Therefore, the compound which 
is shown with (CoCIL,.5NH,) is with the following molecular formula: 
[CNH ENCI, 

According to this theory, {(CoCl, ANH} compound is shown with formula 
(VII). According to this, two chloride ions satisfy both first and second 
valences, Therefore, these arc bonded strongly in coordination area. When 


silver nitrate solution is added, only one chloride ion which is eut of coor- 
dination area precipitates. As this compound decomposes to CT and 


[Co NH CI, ions, its molecular is shown as [Co(NH, С. 


According to the theory, the compound (CoCl.. ЗМН,р shown with formula 
(VIE) doesn't precipitate when silver nitrate solution is added and it can be 
shown with the chemical formula [Co( NH СЕ, 1, 


The absence of precipitation means that this compound doesn't ionize in this 
solution. This is the opposite of what is expected in the chain theory. Accord- 
ing to practical results, this kind of compounds doesn't ionize in solution. 
This proved that the chain theory isn't correct and it supported the hypotheses 
af coordination theory. 


Example 5-2 

What are the first (oxidation state] and second (coordination number) valenc- 
es of the central metal atom in the two following compounds? 

A= K [FetCN).] 

B- [Cx(NH,),(NO.), 

(Note: Cyanide ion (СМ | in. K [FeLCN),] compound behaves like a ligand.) 
Solution: 


A- We know that each potassium ion has +1 charge. Therefore, the negative 
ion is [Fe CN} ] which carries (4) charge. 


Thus: Fe 4+ (СМ), = - 4 Therefore, primary valence of iron is 
equal to. (^2) and secondary valence is equal 
> 3*6*ClD 7-4. t6 Thus, this is the number of ligands 
x-22 which are directly related to metal and 
shown in brackets. 


B- Each nitrate ton has (-1) charge and ammonia ts neutral. Therefore, as pos- 
itive ion is bonded to ammonia molecules it has +3 charge. [Cri NH.) | 


Cr+ (NH, 43 


Р Therefore, primary valence of chromium is 
> x*Ü0x6-43 ا‎ : 
+З and secondary valence is equal to 6. 
х= +3 


Formula (VT; 


c 
S.I NH, 
Cl------- Co 
Pd inc 
NH, | 
ca 
Formula (УП, 
СІ 
NH, | NH, 
d T 
ci ‘al 
NH, 


Formula (VI ) 


Exercise 5-1 

What are the primary and second- 
ary valences of iron in K,[Fe(CN].] 
compound? 

Answer: +3; 6 


5-3-2 Lewis Acids and Bases 


According to Lewis structure, methane (CH) and ammonia (NH) molecules 
are shown with the following formulas. 


H H 
H: Cc: H Н: м: 

н н 

Methane Amonia 


Lewis structures of methane and ammonia molecules show that there isa very 
important difference between them. This difference is that nitrogen atam has a 
paar of electrons which don't form a bond with hydrogen atom. As a result of 
this, ammonia molecule can react with other atoms using this electron pair. As 
in nitrogen atom, this pair of electrons is shared with another atom which has 
an empty orbital and a coordinate covalent bond is formed. This bond is shown 
with an arrow (—) showing ihe direction from donor atom te acceptor atom. 
Ав ап example to this reaction, interaction of ammonia with proton im order to 
produce ammonium in can be given. 


H H H 
EN:+ H el HNH] — {нән 
H H H 


Ammonia, can share this electron pair on nitrogen with other atoms just as 
with hydrogen. The following example reactions show using electron pair on 
nitrogen with metals. 


Ag + 2:NH, —  ([H,N:Ag:NH,r 


Lf m 
Си + 4 ;NH, — L[H,N:Cu:NH,1* 
NH, 
= 
N. Ms 
Co iG 


ы 


i- 


Co* + 6 :NH, —( 


Coordination Chemis 
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2- Central Atom 


Dine ofthe properties of coordination compounds 15 dhal they have an metallis atari 
hich is ап electron par acceptor. This zen as oded Lu a ligand ic mh cord. rine 
eim alm uad This ann is called as the central ater. 


3- Coordination Complex 
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4- Coordination Number 
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6- Neutral Complex Compound 


The complex that doesnt carry charge called neutral complex, which doesnt 
ionize in water. Following compounds are examples for neutral complexes. 


[CNH EL] ; [NCO] 

[PINHEL] : [М {йтр),] 

7- Coordination Sphere 

While writing complex compounds, сетига! atom and ligands are shown 

in brackets, These brackets show the coordination field and it is called 

as inner sphere. The part out of these brackets are called as ionization 
sphere or outer sphere. For example, inner sphere of [Co(NH, |, CI]CI, 
complex compound consists of central ton Co^ and 6 ligands, These ligands 
are 5 ammonia molecules and one chloride ion Cl. The part which consists 
of 2 chloride ions is the outer sphere. Therefore, ions written inside ioniza- 
tion sphere can ionize in water, These ions сап be precipitated through using 
suitable agents. lons inside inner sphere cannot ionize thus, they cannot be 
precipitated. For example: 


[CNH CICL ——> [CNH CIF + 2Cl 


2Ag + 3C ——» 2AgCl 


H,N—CH;,—CH,—NH, 
o Ке ЙЕ 
Noo? | 


i0 iO: a 
| і Y 
D "CH. Ай, о: 


Two {2} Cl ions inside ionization sphere сап be precipitated as silver chlo- 
ride( A gCT) (white precipitate) through addition of silver nitrate (AgNO, ). But 
CI ion inside inner sphere doesn't ionize in water and therefore it cannot he 
precipitated, 

8- Coordination Chemistry 

lt is the branch of inorganic chemistry which studies coordination compounds 
and their praperties. 

54 TYPES OF LIGAND 


A- Monodentate Ligands 


Most of those ligands are negative ions or neutral molecules which can do- 
nate an electron pair to positive metal ion. In ligand chemical structure, there 
isa single atom which is bonded to central metal atom. For example, СМ. 
Br. J and Cl ions and ammonia (NH, alkyl amine (КЫН. and pyridine 
(C,H,N) and water (HO) molecules. 


B- Bidentate Ligands 


Many ions or molecules form complex compounds through more than one 
atom (they have two pairs of electrons which don't take place in reaction), 
For example, oxalate ion С.О, and ethylene di amine NH.-CH, СН, -NH 
are bidentate ligands. 


C- Multidentate Ligands 

These are ligands which have 3, 4 or more atoms thai can form covalent 
bonds. For example, ethylene diamine tetraacetic acid (EDTA). 

EDTA is called as hexadentate ligand as it has six atoms which can form 
covalent bords. 


Ligands which are bonded to the same metal atom by two or more regions 
are called as chelating ligand. In Table 5-1 same examples are given for 
mono or bidentate ligand types. ( Table in the end of this book 
can be used to solve chapter quations) 


Table 5-1 Types and Names of Some Mono and Bidentate Ligands 


| amie HO | agua 


pyridine methyl amine 


lo : | acetato 


urea М | cyang 


Bidentate ligands 


NH,NH hydrazine NH.CH CH.NH, ethylenediamine (епу 


È NOH, | dimethiylghyosimmato (dmg 1 ni 


5-5 EFFECTIVE ATOMIC NUMBER RULE (EAS RULE) 


The first attempt which explains the stable structures of complex compounds 
was made by Sidgwick who expanded Lewis’ Theory. Sidgwick explained 
the stability of these compounds by their similarity to noble eas electron con- 
figuration. According to this theory, if the numbers of electrons donated by 
central ion or ligands is equal to atomic number of one of the noble gases ; 
jr „E, or „Кп, the complex compound will be stable. The total number 
of electrons on the central atom which are donated by ligands are called as 
effective atomic number (EAN). This rule is called as effective atomic mam- 
ber rule. Through this rule, the structure of many complex compounds could 
be explained. 


Exercise 5-2 

Calculate EAN for the following 
compounds. Then specify if EAN 
rule is valid for them. 

(Pd, „Fe, NI) 

[Pd(NH,) |" 

[Fe( CN), ]- 

[Ni(en).]" 


Answer: 35 not valid: 54 valid: 
38 not valid 


Exercise 5-3 

Calculate EAN of ASNH T and 
[NINH ) Е complex compounds. 
(Амте number of Ni = 28, atoi 
number of Ag = 47), [s EAN rule val- 
id for these compounds? 


Answer: 38 not valid: 54 valid 


Example 5-3 


What is the effective atomic number af [Coy NH," compound? Is EAN 
rule valid in this compound? (Atomic number of cobalt = 27) 


Solution: Calculation is as follows: 


Co =27 ¢ 
Со = 24+ 
6NH,- 12e 


[Co(NH,) [= 36 e 


Here, the effective atomic number is 36, This number is equal ta the atomic 
number of noble gas Krypton. Therefore, the complex compound is stable as 
it follows ihe EAN rule. 


Example 5-4 

What is the EAN of [CoC] F compound? Is EAN rule valid for it? ( Atomic 
number of Cobalt = 27) 

Solution: 

Co =27 е 

Со = 256 

4Cr-8e 

[Cot = 33 ¢ 


Here, the EAN is 33. This number isn't equal to atomie number of any noble 
gases, Therefore, it doesn’t follow EAN rule, But despite the fact that it is а 
stable complex compound. 


There are many exceptions of this rule. Although the rule explains the struc- 
ture of metal carbony! complex compounds, it is useful for only a limited 
part of coordination chemistry. For example: 


Ur = 24е Ее = 2б е 


SCO = |0 e 


Ni-28« 
ACO- бе 


Benen ELE EHE ERU GENE: NELLE E. 


[CriCOI] = 36 е [Fe(CO),] = 36 е [Ni(COI] = 36 е 


These complex compounds seem te follow EAM rule. On the other hand, 
metals with odd atomic numbers which make compounds with ligands like 
above don't follow EAN rule. Because the result is always an odd electron 
number. Therefore, whatever the added carbonyl number is, effective alomic 
number will never be equal to 36, 54 or 86, This kind of compounds are in 
dimer molecular or polymer structure. 


The following two complex compounds (Со (CO), |, Ма (Со), | ean be giv- 
en as examples. ЕАМ of these compounds are calculated as follows: 


co co со co 
Mn= 25 e Co=7e 
idi cg di تو‎ Exercise 5-4 
SCO = 10е АСО = е Calculate EAN of [Re {CO} | con- 
plex compounds. Is EAN rule valid 
зА mm a ш far this compound? (Atomie number 
[Mn4CO),] = 36 [Co4 CO] = 36 e of Re= 75) 


Answer: Valid :86 


5-6 NOMENCLATURE OF COORDINATION COMPOUNDS 
Rules assigned by (IUPAC) are as follows: 


l- While naming an tonic eampound, positive ton is named first and neg- 
ative jon second, e.g. naming simple salt NaCl sodium chloride, complex 
compound [Ст Cl, hexaamiminechremium( HI) chloride. 


2. In coordination compounds, ligands are named first, then the metal 
comes, If there are more than one ligands, naming is done in alphabetical 
(English) order, For example: 


[Cri HO, CLIC) Tetraaquadichlorechremiumi ITI) chloride 


3- Nevative ligands" names finish with -o suffix. But neutral ligands assume 
molecule name without amy change. As exceptions, water becomes aqua 
and ammonia becomes ammine, In order to differentiate ammonia from 
other amines, double m is used. Other amines are written with single m. 
Positive ligands (which are rare] finish with —ium suffix. In Table 5-2 , some 
positive and negative ligands are given. 


[able 5-2 


of ligands Symbol of lizands 
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58-7 BONDING THEORIES IN COORDINATION COMPOUNDS 


Werner s cuardination zhenzy. and liam tins were just sirimle titted 
Lo: anderstam] dhe structures ert cuerdaiation compriands, Todas. Were hiwe 
beer. Ihres d enries prapeseid ra explean 1he honid ч1т штен ut zmardinarion 
стти nds; D hose are 


l- мат Ford I hens CRT) 
2- Cry sal Ге Theurx (CFT 
3- Malevular Cretei T игу (MILET: 


At this level, we will only give a simple explanation of Valence Bond Theory. 
You can study Crystal Field Theory and Molecule Orbital Theory at university. 


Exercise 5-6 
5-7-] Valence Bond Theory Show electron configuri- 
tion of metal and ligand m 
[Cu( CN] complex com- 
pound according to Valence 
Bond Theory, (Cu) 


This theory explains the bond structure of coordination compounds success- 
fully. This theory is related to hybridization and geometrical shape of central 
atom, According to this theory, complex structure is formation of coordinate 
covalent bond between Lewis base (ligand) and Lewis acid (metal) reaction. In 
this theory, orbitals of metal are shown with squares (sometimes with circles). 
They show the electron configuration of metal in outer shell and also electrons 
af ligands. We will apply this theory to compounds with coordination number 
of 2, 3 or 4. We will leave the application of this theory to compounds with 
bigger coordination numbers to upper classes. 


For example, in diamminesilver (1) complex ion [Ag( MH. );', electron configu- 
ration in outer shell of silver and electron configuration of complex compound 


is as follows: 
wig [Kr]; 4d" | 5s! 5p" 
annes LLL] 
Ag [Кг] да" 58° 


An 


sp" 
ЭЙ LI ТТ: 


LAg. NH, r [Kr] 


35 


4d" 55 5p 
isis] B] GLL 


= Hybridization type is sp (while forming a bend, one s orbital and one peor: 
bital are used), 


- The shape of complex ton 15 linear. 


- As there are no unpaired electrons, complex ion shows diamagnetic property 
(all clectrons are paired). 


In [Hgl, T triiodomercurate (I1) complex compound, the configuration af 
electrons in outer shell and electron configuration of complex compound i as 
follows: 


„НЕ Xe], Ap" Ба!" ۴ 6s. 6p" 
ARIN [8]. CII] 
Hg* (Xel, 4F" 5d" 6s" 6p" 


ИШЕ И [I [TT] 


m x MEN NE = әр 
[lss [ta] 4 EET J 

I I 1 

- 6 electrons from 3 ligands 


= Hybridization type is sp (in bond formation one s orbital and 2 p orbitals 
are used ). 


- Geometrical shape is trigonal planar. 


- Н shows diamagnetic: property as all electrons are paired. 
The electron configuration of outer shell nickel and complex compound in 
tetrachloronickelate (H) [Ni( CH);]^ complex ian is as follows: 


aMi [AFI 3d* 4s? 4p" 
MERGN œ [II] 
Ni" ТАГ) 


3d* as ар" 
is TD] C] [ТЇЇ 


СМЕС 1 AF] 
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3d* 


" 
BEIDH D] £ 


a 

جز 
e н‏ 
Cl‏ 


= A electrons from 4 ligands 


- Hybridization type is sp (In bond formation, one orbital and 3 р orbitals 
аге used), 


- Geometrical shape 15 tetrahedral. 


= It is paramagnetic as iL has 2 unpaired electrons, 


The electron configuration of outer shell of nickel and complex compound in 
tetracyananickelate [Mi( CN), P complex compound is as follows: 


m [Ar m 3d" 3 


48 4р" 
попоп [f] [ILI 


[Ni*] [Ar], 3 4s? 4p" 


HEHEHE) LI [IL] 


[NipCN) [Ar] 


3d* ds 4p 
uuu Ч FEL] 
CN CN CN CN 


- 8 electrons from 3 ligands 

- Hybridization type is dap? (in bond formation, one d orbital, one s orbital 
and 2p orbitals are used). 

- Geometrical shape is square planar. 

= [t shows diamagnetic property as all electrons are paired. 


As it is seen in the previous 1 examples, single d electrons remained as they 
are in [NECN P compound, But in [Mi( CT), - compound, it (d electron) be 
eame an electron pair. In formation of complex compound, type of ligand has 
an important cole. CH is accepted as a strong ligand. Because it causes un 
paired single electrons to become paired in farming complex. But Cl doesn't 
have such capability. Therefore it is acorpted as a weak ligand. Ligands sre 
accepted as weak or strong according to chemical spectrum, Table 5-3 shows 
those weak and strong ligands. 


| Table 5-3 SOME STRONG AND WEAK LIGANDS 


i 


i EE, | 3 eA EUN РЕ 
VID DOL Name ym 


ГЫП LATIS 


Name 


Exercise 5-7 

Weis [Bit] | eznmples core 
ШАШЫ paramagnerie et he 
| PCT, comples compound 
їз aiamagnetie. Fxplam ihe 
гей accerdang ra. Wa enec 
Bond Theory. ii- PE 


The ehaner a Tht seid ated Lir Ira. rnd Нанг. Hw con р anc 


ЖШШЕ 

Florala compound undergoes dip? Iylinidizatian. Тада паа gcnractrizal 
shape: is square planar, no marter Прапа is strane nr weak. The reasnn Far 
rhag is Sulu ox апын afrer Feb аага Таг, rhe шийи ur 
ШАРШЕ shell uf plaunami metal and complex compound in ТРСТ 
лари п. 


Pt | Ae, ЧЁ" | ES | és" ер 
Ма [ [I 

PI Xej, Е" | 5d* s" ер” 
PERH Ej EREI 

PEGLI (Xel, 4F" Бая m óp 


EE О" | E Г: 
JODIE E 44 


Ll Cl 1 


Г] 


- & eleron; Tram 4 lianas. 


- Ну Ex idi ciu Жүз ку лр”. һи Panid Popma uns ang ы иа, nte s orbi cr 
and Pp irl tals are лей, 


- Geometrical slape 1s quare planar. 


- Ut shaw: diamaanetic property as there ace ma single electrons qall electrons 
are poured]. 


Tr Lenin rhe exomerrieal shape чаре, ominpeounds sir single сета adem 
dug pu уртлап possible by ака taling reor number uf suis g sles trent 
[unpzared electrons). This calculation 15 made by the запо эзип. [i 
depends ur. manele Mamet resulburg (ram electron niet. 

ut (B.M)= [ete--2)]* 

Tn this eguale, e - number or single electrons; В.А Bohr Аа пеп Imas- 


medie итте uri. 


Vers ady Гаре 8-3 bn explain chia 23umimnn. 


Example 5-5 


FT i a mnnadenrare ligand m [Cb Fb [|^ emmiplex ien of cha cd, ex- 
plain the rs pe uf [n bridization uf thie cor ples carn purl 


Solution: 
Hybridization can be decided as folios s: 
l- First Case 


The electron vunciuratiun im uxter shell af «bali elerient and атре, vum- 
pound ix as Follows: 


| 
L 


If we consider this configuration, we see that the number of unpaired elec- 
trons is 3, Therefore, magnetie moment is as follows: 


p= [еѓеч+2)]" 
к= [3(3+2у]' 
-3.87 B.M 
2- Second Case 
The electron configuration of the complex is as follows: [Co(L),]" 


= 
L L L 


According to this configuration, the number of unpaired (single) electrons is 
1. Therefore, magnetic moment is as follows: 


p =[{1+2у]'% = 1.73 B.M 


Vf we know magnetic moment, we can guess the type of hybridization. In 
this complex compound, if magnetic moment were 3.87 BM, the type of 
hybridization would be sp! as in the first example, But its magnetic moment 
is 1.73 B.M, therefore its hybridization type is dap. 


Exercise 5-8 

According to Valence Bond Theory, 
what are the types of hybridizations, 
geometrical shapes and magnetic 
properties of the following two 


complex compounds? (, Pd, Co) 


[Paci J. [Co(H,0)]* 


After that calculate the magnetic 
moment (u) of each. 


Answer; 
dsp’, diamagnetic. square planar 
sp’, tetrahedral, paramagnetic 


nh nti 


5-8 COORDINATION NUMBERS AND EXPECTED 
GEOMETRICAL SHAPES | view only) 


Previously, we have leamt that coordination number shows the number af 
atoms directly bonded to the central metal stom. Besides, we have learnt this 
number is related to the expected geometrical shape of complex compound. 
The values of coordination numbers are between 2 and 9. The most common 
ones are 4 and û. Now, we will mention coordination numbers from 2 to 4 in 
coordination compounds. Besides, we will tell the mast common geometrical 
shape of each number. 


l- Coordination Number 2 

Compounds with coordination number 2 is rare. The best example to this 
complex compound [Agi NH] As expected, this complex jon has a linear 
structure, [H.N-Ag-NH.]'. This coordination number is seen in complex com- 
pounds of copper (1), silver(T) and о) as in the following examples: 
[HC-Az- CN T: [Cl = Au — CIT ; [CN = Cu - CNI 

2- Coordination Number 3 


This type of compounds are also rare. Examples of them are few, Negative 
complex ion [Hgl,| is the best example of this. In this kind of complexes, 
two geometrical shapes are expected. The first is trigonal planar and the other 
is trigonal pyramid shape. [На |" has trigonal planar shape whereas 


SACL is trigonal pyramid. 
3- Coordination Number 4 


This is the most common coordination number. Coordination compounds with 
this number have great importance in coordination chemistry. This coordina- 
lion number causes formation of coordination compounds in which ligands 
are coordinated around the central metal atom in tetrahedral or square planar 
shapes. Examples of tetrahedral complex compounds are: 


[CoBr,|* ; [Ресі 


Square planar shaped complex compounds are formed by especially 


ions, For example, 


Аш? Ри", Раг", Cu”, Ni, [RCL , [РАСМ], Nico] 


Do you know that? 

The compound diamminedichlora 
platinum (IT) [PNA CLI) is an 
effective drug against some cancer 
types- While this compound is mak- 
ing bond with nucleic acid DNA, 
two chloride ions replace 2 nitrogen 
atoms on DONA molecule. This caws- 
es à mutation which means a fault 
in order of repeating amino acids in 
DNA and this destroys cancer cells, 


BASIC EQUATIONS 
Angular momentum: p 2B. ST» [eie] ° 


BASIC CONCEPTS 


Double Salts and Coordination Compounds: When bea zimple salt solutions ame mixzd, «imp e molar rariss ise Te [3 
af compounds are nlaained. These are deulsl: salts and ecordinazion enm pranda. A deue galt ia a sable enmpesnd ind г 
yoniz2s ln. (rs ena pnts w ore p Фа es изе йр Each iun chains irs spitis prápare Alito et ceu dinanan 


campnircs ane stable, ier don't Илле vemplenelr 1 Ieri hes diesels ii water lr soles waras. sonne sens lose Шен 
specie [uigpzrtiea. 


Chain Theory: It is a theern whieh ex plains the forrauen of cacrdinatisn eempoumls in which ands are Ended 
tc vach other just as carben aloms do and form caging. According in this theory. Hands агы bonded to zertral atem 
Werder co amiat single py pe nl valence. 


Werner's Theory: IL is anallher tenes ex plana Fermo of eoerdinaten cam pounds, йылга ba tie theory. 
most c£ Ша elements have bes kinds afsalences Tae Hirsi is the nxidaticn ware 2nd the second :5 the ecnrdiautinr 
number. Kach cement Пл рела ролік 10 Enrm coercion cami pried Utes 4 alist bord silences First e ene 
15 Satisfied hy megarise qns ws Dereas АШ А valence is ЕШ by neatis e И e Mil emüolecule s. 


Ligand: Ther are reeglis charge] ananas im molez ules Thes dpe Бегарыс zur tral cor eth leet. [Ea lar 
dones а pair ul electrons, at is called as à menesdentate паат, il ib denses beu paire obe ecrronz. n is culled) us a 
bidentate azand, af it denates more than two patrz ot ve.ectrons. n i called as а mactidentate land. 


Effective Atomic Number Rule: qae nuribers af electrons пш] by centri ion or Finds ix equal cowering naniher 


e[ one uf the noble шет: Kr. uu Му. ar Rn Ми cunples cempeound vill be stable; Toe etal nuniber of electrons 


nn dbz centra: atom which are donated hy дг are called ia Heche atemis runie ( EAN). 


Valence Bond Theory (WET) This theecy cenziders the lormatwin f coordination compounds as a reaction 
herween lewis acid ithe metal? and the lewis base {the ligand) with the formation ofa coordination 

bond bel cem thesi. it is chesely related le hybridit and geonietnical shape el the complexe: 

in this theory, metal arhit als arc represented >y squares tor sismetimes circles] to shane the distribution of 
electrons ir the outes shell of the metal and the electrons е 79 fium the ligarida. 


Coordination Numbers amd Geometrical Shapes: 9 кагала т number is related E» geometrical ipe o? complies, 
compounds. &ccordin Lo this. 1E coordination ruraber is 2, the expected geometrical shape ı5 linear. |} conrzdinatien 
namber is 3. he espeeted genraetrieal shape as cher trisonal planai ct trigonal расата. Bur rf coordination mim- 
tes I rhy os pez ГАЛАП shape ts «nier EAM AD ep syare planas 


QUESTIONS OF CHAPTER-5 


5-1- What are the distinctive properties of transition elements? 


5-2- What ts the difference between double salts and complex compounds? 


5-3- When FeSO, and (NH, SÛ, solutions are mixed in 1:1 mole ratio, Fe^ ion appears in the resulting solution. 
Hut when CuSO, solution is mixed with ammonia solution in 4:1 ratio, no Cu ion is observed. Explain this by 
giving reason(s}, 


5-4- Define effective atomic number. Then calculate this number in the following complexes: 
|- росі р 

2. [PENHA] 

3- [FeCl] 

4- [CriNH,) ]" 

5- [Ag(NH,] 

Answers: 1) 86, 2) 90, 3) 31,4] 33, 5) 50 


5-5- What are the oxidation states (first valence) af iron in the following compounds? 
l- (Fe(CO),] 

2. [FCO JF 

3- КДЕ] 

4- [Fe(H,O),(NO)]SD, 

Answers: 1L) 0 2) (43) 3 (63) 42) 


5-6- Name the following complex compounds: 
|= [Fe(H,O)4NOJJ" 

2- Na,[Fe( CN), ҸО] 

3- [Co( N,XNH,),]80, 

4- K [Ni(CN);] 

5- [Cri H,O) CL] 

6- [Nicen CL]: 

T- [Co( NO. (NH .] 

R- K [Pic] 


lL Chapter-5 | 


5-T- Write down structural formulas for the following complex compounds; 
A- Trisfethylenediamine kobal TT) nitrate 

H- Potassium tetracyanonickelate( 0) 

C- Aquabis(oxalate chromate Ill) ton 

D- Potassium tetrachloronickelate (II) 

E- Potassium tetrachloromanganate (IT) 

F- Hexaaquatitanium( IT) chloride 

G- Tetracarbonylnickel (0) 

H- (Eihylenediaminererraicodachrorare (I) ton 

l- Aquacyanabisiethylenediamine)cobalt (111) ion 


1. Tetraumminecapper (IT) ion 


3-0- Answer the following questions forthe 3 given coordination compounds, 
[ CHHLOJ,CICL.H;O, [CAH СІ, , [CR H,O), CL ]CL2H;O 


A» What is the oxidation. number (first valence) of chromium in each compound? 


E- What is the coordination number of chromium in each compound? 


Coordination Chemistry 


5-0- Circle the right answer in the following questions, 
I= Whar is the oxidation number (first valence) of [СНОС ? 
Aj 3 EPE) Chó Di 5 


2- What is the structural formula for diehlorobis(urea koppen IT) compound? 
A) [Cu (NH. ),CO СІ, 
B) [Cu {NELICO EICI 
C) [CuCL NH CO]. ] 
D) None of the above 


3- According to TUPAC system, what is the name of the [PANH BANO JCC compound? 
A) triamminechlorabromonitroplatinum( IV ) chlonde 
В) chlorotriamminebromonitroplatinum( IV y chloride 
C) triammincebromochloronitroplatinumi IV ) chloride 


D rigmminernitrachlorebromaplatinumi IV) chloride 


3-10- Reply the questions about the following coordination compounds according to Valence Bond Theory (WRT), 
[PtCI [^£ [Pd(CN) [^ [Ni(dmg),] [CaCI ГАС) [25 (Сос) [> 5 [Zn CL(NH,),] 
A- What is the type of hybridization of central atom? 
B- What is the geometrical shape of complex compound? 
C- What is the magnetic property of complex compound? Why? 


5-1 1= What are the numbers of single (unpaired) electrons in the following coordination compounds according ta 
Valence Bond Theory? What is the value of magnetic moment value { jî ) in each? 


[мн О)”; [NUNE 


Bi | LET 


5-12- Suppose that [MiL,]* complex ion contains Ni (IT) and L monodentate ligand which is weak. Answer the 
following questions according to the complex ion. (Ni) 


|- What is the charge of the ligand? 
2- What is the hybridization type of the central atom? 


3- What is the value of magnetic momentum (uy? 


5-13- Define the following terms: 
Coordination compound, ligand, donor atom, coordination number, chelating ligand 


— 9 (| Chemical Ап alysis = ) 


CHEMICAL ANALYSIS CHAPTER-6 


ACHIEVEMENTS 

After completing this chapter, the student is expected to : 
* Learn different methods of chemical analysis. 

t Differentiate qualitative and quantitative analysis, 


* Have information about some positive ions. 


* Understand the importance of quantitative analysis method in determining the amounts of unknown 
compounds, 


* Learn steps of quantitative analysis and how to do it. 

* Perform necessary calculations in quantitative analysis. 

* Understand the importance of volumetric analysis in determining the amount of substance dissolved 

and concentration of unknown solution. 

* Learn ealculation of equivalent mass of different substances and relationship between chemical reactions. 
* Leam some laboratory equipments which are used in volumetric analysis. 


* Determine end point and equivalent point by using indicators in volumetric analysis. 
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6-1 PREFACE 

Chemical analysis has wide applications in industry, chemistry, hiolozs, geolo- 
gx and in other science fields. For example, while analysing air pollution, it is 
necessary to measure the amounts of hydrocarbons, nitrogen oxides and carbon 
monoxide from exhaust fumes. To diagnose goiter illness, it is necessary ta 
find out calcium amount in human blood. The amount of nitrogen from food 
we consume gives the amount of protein. In industry, by regular mass analysis, 
the strength of iron and its resistance to corrosion can be checked. As it is un- 
derstood from those examples, chemical analysis has an important place in life. 


The chemical analysis which is used to find out the components (elements or 
compounds) which form a substance ts called as qualitative analysis and the 
analysis which is used to find out the percentage of the components of a sub- 
stance is called as quantitative analysis. 


6-2 METHODS OF QUALITATIVE ANALYSIS 


The aim of qualitative analysis of a sample is to find out what the components) 
{аге in a mixture or solution and bow these components (elements or a group 
of elements) are bonded to each other. The substance which is wanted to be 
analyzed is usually transformed to a known compound by a substance called 
as detector, 


For example, à mixture of common positive ions сап be analyzed. In this case, 
qualitative analysis is a two-step process. In the first step, ions are separated. 
In the second step, through seme certain chemical reactions, ions are detected. 
To apply qualitative analvsis, the sample is divided into groups, The reaction of 
each group against different precipitants is examined. When the right precip- 
tant is added to solution, it precipitates the target ion and the resulting solid is 
extracted from other ions by filtering method, 


Common positive tons in nature are divided into 5 groups according to the 
precipitation factor (Table 6-1). In other words, the ions in the same group 
are precipitated with the same substance, The analysis process starts from the 
first group and continues to the last group by addition of precipitant until the 
precipitate is formed. 


First, dilute hydrochloric acid (HCI) is added to solution and ( Ag', РЬ", Hg") 
from I" group ions are separated from the solution in the form of chlorides 
of these ions with filter paper. In order to precipitate 2* group ions 

(Hg Cu’ Bit Cd Phe Sm, As’ Sh") hydrogen sulfide gas (HS) is passed 
through the solution, In the remaining solution, upon addition of ammonium 
chloride (NH,CI) and ammonium hydroxide (NH,OH) solution, TILA group 
positive ions are precipitated, Separation process goes on like this. 


After positive ions are separated according to their groups, precipitate of each 
group is analyzed to learn the presence of ions. 


In the following experiment, the separation of first group ions from other 
groups and methods of detection will be given. 


Dilute Hydroehloricacid upon | Ho? Cu? pi Cd”, Hes CuS, Bi S. CdS, 
don offydrezen sulfide 95. [nes Sait, Ag, Sb* | PbS; AsS., SBS SnS 


Ammonium hydroxide + ammo- | „үз. үз з. pus AOH), Cr(OH). 
nium chloride (NH CI, NHOH) EAS Fe(OH), 


By passing hydrogen sulfide gas T TET "nec : 
(HS) into (NH,CI, NHOH) i^. Zn^, Co", Mn" | №5, ZnS, Соб, Mns 


Addition of (NH, CO, into | m 4 " ' 
NECI, NH,OH Ca^, Ba^, Sr CaCO BaCO,, SrCO, 


Substance remaining in final ү nee Ero 
solution without precipitatran Mg Na, K’, NH, 


6-2-1 Separation of Group (I? lons and Detection Attention: 

Pb" is in both groups I and II, bë- 
cause solubilitv of lead ion is high 
and some muy not precipitate when 
dilute HCT is added. 


As mentinried above, first à group positive ions (Ag, Ph” Hg, ‘раге separated 
from solution hy precipitation as chloride compounds. In the second step, cach 
positive ion is detected according to the following principles, 
|, РЪСТ. precipitate dissolves in hot water but AgCI and Hg. CL don't dissolve 
in hot water, Dissolved PECL, is separated by filtering from other precipitates 
upon addition of hot water. In order to detect lead, K,CrO, detector is added to 
the filtered substance. If there is lead, yellowish PhCrO, precipitates according 
to the following equation. 
PbCL + K.CrO, — PbCrO, | + 2KCI 
vellow precipitate 

2. Alter separation of lead chloride, dilute ammonia solution is added to the rë- 
maining solution (Hg, CL, AgCl. Silver chloride AgCI forms a complex čom- 
pound diamminesilvert 1) chloride [Ag NH JET which dissolves in ammonia 
solution and passes filter. To detect silver, dilute nitric acid {HNO is added 
and a white precipitate formis or potassium iodide (KT) solution is added and a 
yellow precipitate forms, 
AgCI + INH, — [ANH J, JCI 

cliaennirssilvern T) chloride 


[Agi NH. ]CI * 2HNO, — Apti | + ZNH,NO, 
white precipetase 


[Ag(NH,),]CI + KT — Agl | + KCl + 2NH, 
yellow precipitate 


Exercise 6-1 


Complete the following reactions. 


Hg." + HCI — 


Bi M 


AR- 


Mir 


dilute 


A HS HEI 


dilute 


+ NH,OH i 


NH CI 
"HS SS" 


NECI 


Mercury (1) chloride (Hg. Cl.) reacts with ammonia solution and forms a black 
precipitate according to the following equation. 
Hg,Cl,+2NH,— Hg(NH Cl, + На] -NH.CI 

while. precipitate Black precipitate 


Upon addition of king's water (HNO,-3HCI). a soluble salt НЕСІ, is 
formed, To detect mercury, tin (IT) chloride (SnCl.) is added to the solu- 
tion and a precipitate 15 obtained which is white In the beginning then 
turns into black. 


АНЕС, + SnCl, — S3nLl, * Hg Cl 
white precipitate 
Hg.Cl, + SnCl,— ЅаСі, + 2Hg | 
Black precipitate 


Example 6-1 


How are silver, cadmium und iron (111) ions separated? 


Solution: 


Silver (Ag') ton isin Group L, cadmium (Cd) is Group И and iron (Ill) {Fe} 
is in Group HE, Therefore, we need to add precipitants in order, 


Т. When dilute hydrochloric acid solution is added, only silver ion precipitates 
as AgCl. Cadmium und iron ions remain as dissolved, We can separate silver 
chloride from other components of solution by filtering. 


1. H,5 gas is passed through the solution, As a result, cadmium ions precipitate 
as cadmium sulfide and are separated from solution by filtering method, 


3. Only iron (HI) ions remain in the solution. We can precipitate iron in iran iL) 
hydroxide (Fe(QH),) form by adding ammonium hydroxide and ammonium 
chloride solutions, 


6-3 QUANTITATIVE ANALYSIS 


Quantitative analysis aims to determine the amount of target substance in a 
sample. For example, calculation of percentage of iron in я rock is ап appli- 
cation of quantitative analysis. The amount of substance can be expressed as 
percentage and also in a ratio of thousand, million or even billion. Besides, the 
amount of substance ts expressed as the mass or volume of matter found in a 
certain volume of the sample or described as molar тайа. 


Quantitative analysis process is applied through two measurements. The first is 
the amount of the subject sample, and the second is the amount of the compo- 
nent which we want to measure in the sample. Mass, volume, strength of col- 
or, absorption intensity, electric intensity or any physical or chemical propery 
about the amount of matter can be given as examples to measurements during 
analysis. But, in this book, we will cover measurements of number of moles, 
equivalent mass, mass and volume which show amount of matter. 


Before applving quantitative analysis, the following are the steps to be made. 


|, Exemplifving: Tt is the method of obtaining the sample which represents the 
substance in a right way. 


2. Preparing the sample: The sample undergoes a preparation process for 
analysis in laboratory, It includes processes as grinding the solid sumple, mix- 
ing, making ut homogeneous and removing the moisture in it. 


3, Measuring the sample: In order to determine the amount of matter cor- 
rectly, the mass and volume of the sample to be analyzed needs to he known 
preciselv. 


4. Dissolving the sample: Chemical analysis is usually made on solutions. 
Therefore, a solution of the sample needs to be prepared. This solution is pre- 
pared with a solvent which can dissolve not only the target component in the 
sample. but all of the components. The solvent normally doesn't change the 
amount of the sample. 


5, Separating the mixed substances: There are certain substances which have 
physical and chemical properties with which correct measurement processes 
can he made in quantitative analysis. In this case, measurements can be es- 
timated directly, But in many cases, by measuring one of properties directly, 
it may not be possible to identify the substance. To make measurements in 
quantitative analysis, chemical reactions with the target compound are neces- 
tary. Those reactions used in chemical analysis and measured properties may 
be commen for same elements and compounds im the simple, This suuation 
affects results of analysis and some problems may arise in chemical analysis 
processes. For this reason, the target substance needs to be separated from oth- 
er components in the sample which affect analvsis. The other elements in the 
sample which affect the results of the target substance are called as interferents. 
Separating those before measurement is important for analysis. 


Practically, the person working in quantitative analysis field may apply many 
different analysis methods to get results. In order to choose the most suitable 
method, many factors need to be considered. The urgency of analysis, suitabil- 
ity and degree of correctness, supplying tools and devices, number of samples, 
amount of samples and concentration of target substance in sample, cost of 
analysis are same of those factors. Therefore, the success of analysis depends 
on choosing the suitahle method. 


Quantitative analysis includes many methods with respect to their uses and 
significance. Those are usually considered in two tithes: 


6-3- ]-Quantitattve Chemical Analysis 

Under this title, classical analysis methods are placed. Those are: 

[= Gravimetric analysis methods: depend on measurement of mass. 
2- Volumetric analysis methods: depend on measurement of volume. 
6-3-2-[nstrumental Analysis 


Different instruments are used in analysis. In this chapter, classical analysis 
methods will be studied. 


Electric oven 
sample 


Figure (6 = 1) 


6-4-GRAVIMETRIC ANALYSIS 


In gravimetrie analysis, a substance related to another substance with a known 
chemical structure i4 separated and its mass is measured correctly. Separation 
process is made from a sample with a known amount. In gravimetric analysis, 
the target substance is usually transformed into a pure and a chemically stable 
compound. This compound has a shape and formula which enables measuring 
its wehi precisely. After measurement, zs the chemical formula of the sub- 
stance is known, its mass ean be calculated. 


In gravimetric analysis, the target substance is separated through different 
methods. The most important of those are: 


l- Volatilization method 

2. Precipitation method 

3- Electrical precipitation method 

4- Other physical methods 
6-4-1-Volatilization Methods 


These methods depend on removal of the volatile substance in the sample. This 
process 1s applied through different methods below: 


A-Sample burning method in air at high temperature Figure (6 - 1) 


B- The method in which the sample undergoes reactions with chemical indi- 
calors and volatilize its components and target substance residues. Afterwards, 
volatilized substances are collected in a suitable medium and their mass 15 cal- 
culated. This method is called direct volatilization, In indirect volatilization, 
the mass of volatile substance is calculated through the loss in mass of the sam- 
ple. For example, we can determine the percentage of crystal water in aqueous 
hartun chloride 

(Bat, .2H,O by direct volatilization method through heating. 


heating 


BaCl,.2H.O Васі, + mo] 


cable substance ү 


Таро | To prevent gas interfer- 
E uem YE || ta absorb CO, gas on} | ence from outside on 
xm asbestos NaOH | [asbestos FO + NaOH 


The sample is burned by air using a high temperature electric oven. 


The vapor is absorbed on a suitable medium and its weight is measured, To 
determine crystal water in aqueous barium chloride by indirect volatilization 
method, it i& heated in oper air and this causes water to vaporize. The mass of 
residue BaCl, is measured and the mass of crystal water 15 determined by sub- 
tracting this mass from the samples mass. 

In another example, to determine the mass of carbon dioxide CO, in calcium 
carbonate sample, hydrochloric acid HCI is added to it. 


CaCO, + 2HCI — CaCl, + CO, t+ HO 
маше subsbsrice 


Carbon dioxide gas is passed through a drying substance to remove its mois- 
ture, and then it is absorbed bv a suitable medium (asbestos immersed in sodi- 
um hydroxide solution), The mass of carbon dioxide is calculated through the 
mass increase in absorbent medium, 


Example 6-2 


L451 g of aqueous barium chloride (BaCl 2H,O) sample was analyzed 
through indirect volatilization method to determine the mass of crystal water. 
The sample was heated at 125 °C for some time and then it was cooled in a dry 
medium. As the mass of solid substance is 1.236 g, what is the mass percentage 
af crystal water in the sample? 

Solution: 


Mass of crystal water 


l'ercentage of ervstil water = x MER 


Mass of the sample 


The mass of crystal water lost during volatilization ts calculated through the 
following equation: 


BaCl,.2H,O zair BaCi, + 2H,0 

befor: heating afier heating volatile subsiunce 

Mass af crystal water = mass of the sample before heating - mass of the 
sample after hering 

m нє 9 m haa sie = TTE nas 

Tm node) = 1.4351 (g)- 1.236 (z) = 0.215 g 

Percentage of ervstal water: 
mua(g) 


Н.О = ————— — x 100% 
x ІП naci мор) 
em MENU 
HLO = 1.451 (g) x 100% = [4,8175 


Exercise 6-2 


Alloy containing nickel, chro- 


mium and a small amount of gar- 
hon was analyzed gravimetrically 
by volatilization method. 1.4 g of 
mixture was hurnt in aerobic con- 
ditions and emitted CO, gas was 
collected. As the mass of CO) gas 
15 2.2 mg, find the percentage of 
carbon in the. Alloy. 


(C:12 g/mol, CO; 44 g mol) 


Answer: (043%, 


Some scales (micra-balances) to 
weigh samples 


Example 6-3 


A sample of organic matter was analyzed through direct volatilization meth- 
od to determine its carbon percentage. 15.24 mg sample was burnt in асгобіс 
conditions and CO, gas was absorbed on a suitable medium. As the mass af 
carbon dioxide is 22.36 mg, calculate the percentage of carbon element m the 
compound. 


Solution: 


Mass of carbon 
Percentage of carbon = — — — — 


x 100% 
Mass of the sample i 


We can calculate the mass of carhon from evolved СО, pas. Because this gas 
was emitted through burning of carbon in the sample. 


barning with пурет 
C i xps coy 
Mc (g/mal) 


Mica, (mol) 


mc = mco, (mg) * 


12 (g/mol) | 


Me = 22.36 (mg) = — —— 6.1m 
€ (m8) а (g/mol) В 
CH= Е... чү LO = „8.1 (mg) = x МИР = 40% 
TRES 15.24 (mgl 


6-8 PRECIPITATION METHODS 


Gravimetric analysis methad which depends on precipitation reactions consist 
of some steps that need to he made quantitatively (that means im a sas without 
any inerense or decrease in amount of matter), 


These steps are as follows: 

l- Dissolving a known, accurate mass from the sample in a suitable solvent. 
weighing is done using scales that vary in accuracy from one to another. 
some of them are accurate (sensitive), with an accuracy of four decimal 
places for gram, and one with one decimal place for gram. 

2- To precipitate a sample in a solution as in the form of a compound which is 


slightly-soluble a precipitate is formed with a known chemical formula. 
By using a suitable (chemical reagent) precipitating agent. 


3- Separating and removing precipitate from a solution by filtering. 


н! Chemical Analy 


4- анна the pres igitabe: The гетри sc parit Aien к ип reram s 
ит. he filler paper. Vo rermimee tie imouries on tie prezipzbale. ab needs Lo he 
washed wih & suitable salvent. Che sobeent sed for washing needs ta hic 
gone руг разе. These are: 


a- Dr seul raffecr die solubili he precipitate: id sheuld orl Mlp bey 
dissulve nuntius 

b- M shealdn d form a lale алап пит with bie prezip bate. 

cs JL should he volatile La Ine removed from (e precipitate easly. 


5- Div ing the pezigi. T has step meas tac pies ip caen биги cue «hem» 
real mauka uf the битти] poezipr.ate? i rar nesl bt a suranle nass far- 
mula. | his arocess is done threush drywe ищите птеъ ai a demperature over 
TOU C7] or Burning temperare rede hae HUC 7C. | 


Thus, the precipilale ia rermmeed Fori ars vp ot miesisrure hase waren ne- 
Wiad catur, gesal АПЕК 


dion a PAD p 


Cat C.H ————e Сас оно] 


п". ТОАТ ПЕТТИ Hie ss drm a 


ALS, <a л. ALS} T SHOT 


p- nian ba nml. mz. hmm и 


Buming ра о daty removit o7 was from te elect uf rac pee Aa: 
and alzo decemausition of flc precipitate throngs Шотт reactions. 


win 1 haire гп. 
Сас, но MÀ СаСО + HO ае 
pa Tis: wi үг 


bains ar НИИ 


Сабо, co TOIT. бао co 


b- The preeipilate is weighed For accurate calcularion of ila maas dErough maga 
Tormala. Tre achieve mass analysis and acl accurate results, Where are arkir, 
pied atc alim 


l= lm nrder 10 arc ven Таха ef mass cn preeipiime, i should hasc a vers shahr 
аш. 


2« [he preciputale aecds ro have amc physical properties lo hc &eparaled Tram 
solin quantirativele aad removed from impurities Che ervsitals of die precipa 
musr be al suiahle sizes. Thus, imanuri possibility is low, dhe precipan йг 
pass Though dhe filler paper and che sive nt ihe partizles inl allez] Irem 

waclung process. 


3- The precipitate must be suitalile tu lie J led. burnt ur do be prise sed willi 
чанае кепиш] reagents ini ceder bà hie атлес to a pure ъи аам wil ñ 
stable chemuiegl Formu. 


Addition uf. eherraeal СРЯ 
po ihe ample securior and 
Toi marien af rhe prentar 


A" 


а= 


Removal of substances by pre- 
IMA and dien washing 
wilt a suitable solvent. 


Drying oven: It is used to dry 


precipitates at hight temperature. 
[It can reach IMF temperature) 


Mute Furnace: Tt is used to burn 
precipitates over 000 ^C tempera- 


pure. 


6-5-]- Separating the precipitate by filtering and purifying 


Separating the precipitate principally depends on the panicle size of the precip- 
itate. The precipitates with bigger particle sizes can be separated fully, quickly 
and easily. Il the precipitate has a small particle size, a filter paper with smaller 
pores needs to be used for separation. In this case, separation takes more time 
and it is more difficult. On the other hand, the relationship between particle size 
and purity of the precipitate isn't clear. But, generally precipitates with bigger 
particle sizes can be obtained m a purer farm. 


6-5-2- The factors affecting the particle size of the precipitate 


There are some factors affecting the size of particles of the precipitate during 
precipitation process. Some of those depend on the type of the precipitate while 
some depend on the conditions under which precipitation is made. Lf the pre- 
cipitate is in the form of colloidal form (the volume of the particles in this 
precipitate is nearly 10°-10° mum.) this kind of particles cannot be separated 

by filtering. The other type of precipitate has comparably bigger sized particles. 
These particles can he separated from solution easily. The aim of the precipi- 
tation process is 10 have a crystallized precipitate. This is a preferred property 
fora precipitate, The most significant conditions affecting the precipitation are 

as follows: 

|- The characteristic and chemical structure of the precipitate: Compounds like 
Вах), dissolve slightly. This kind of substances form crystallized precipitates 
when they are comparing with substances as AgCl at the same condition for 
precipitation . 

2- Solubility of the precipitate: precipitates with relatively high solubility in the 
precipitation environment (relatively much soluble) form crystallized precipitates 
arid vice versa. 

3- Temperature: During precipitation, generally the solubility of most precipi- 
lates increases with temperature and a crystallized precipitate forms as a result 
of precipitation at high temperatures. Because, by slowing the precipitation 
process, necessary time for crystallization is supplied. 


4- The concentrations of substances involved in precipitation process: In pre- 
cipitation process, dilute solutions (valid for the target component and the sol- 
vent) are preferred. During the process, the precipitating agent must be added 

slowly and solution must be mixed continuously. Under these conditions, necessary 
time for the formation of precipitate crystals is supplied and therefore a crvstallized 
precipitate. is formed, 


6-5-3- Chemical structure of precipitate and calculations 

in Gravimetric Analysis 

After drying and burning steps, the last step in gravimetric analysis is weigh- 
ing the precipitate correctly, Because the resulting substance ism't exactly the 
substance то be measured itself but usually another substance containing it. For 
example. in order to measure barium in a sample by gravimetric analysis, it is 
precipitated as BaSO,. At the end of the precipitation process, the precipitate 
is weighed as HaSO, after separation, washing and drying processes finished. 
(mass formula): 


А. М sepárzram and гле 
Ва” +507 ——= Baso, ———»- Baso, 
precdpemiing agent precspupiing Gonenala mies formula 


In the following example, calcium is weighed as calcium oxide: 


ion and berner 
GP CO mm Caco, oa + C04 + CO, 


procxpetiding agent prccspáming formala mess formulka 


Therefore, ai the end of each gravimetric analysis, after determining the net 
weight of mass formula by a micro-balance, some calculations are necessary 
to learn the amount of substance to be measured (sought substance). These 
calculations depend basically on equilibrium reactions (or reaction groups) and 
include application of percentage and ratio rules. 


The rate of molar mass of the sought substance to molar mass of gravimetric 
formula is called as Gravimetric factor, G, (Сз; First letter of word gravimetric 
and F; first letter of word factor) (For the component in mass formula) 


But in both formulas, contain the same number of atoms of the element or 
molecules of the companent to be estimated. 
ü Ма substance (g/mol) 


G- و‎ — 
! b Му fornuta (mol) 


In this formula, a and b shows the lowest numbers fortwo compounds to have 
the same sought substance in numerator and denominator, Below are examples 
on how pravimetric factor is calculated, 


Example 6-4 


Calculate the gravimetrie factor of chloride (sought substance) in AgCl (mass 
formula) precipitate. (M, aT 143.5 g/mal), (М, = 35.5 g/mol) 


Solution: 


In this example, chloride is the sought substance. AgUl is accepted as gravi- 
metric formula. 
a Mic) temet 


G= — 1 
"^ Tb — Magciteimet) 


As both formulas contain the same number of chloride atoms, a and b are beth 
equal to 1, Therefore, G, which is gravimetric factor of silver chloride is calcu- 
lated as follows: 


TE uie таа e is carnitine, 4 28 seven that gzas immetris fonna zs a nmierie salus 
anc Шеге оге, Н аскет have a unit. 


[rravimetric dazior is used in calculating the mass od dhe sonaht component. 
This as done practically by the mass of [eec pilule as Ahen in the lem ing 
игта. T ghis, gravure Pastu ps mafi Did Is aas of prestan p mass 
furali t. 


il Ш T cin DIEN E үч p 97 "m Ima a'r the [g] 


Cr the felluwing equation is used lo ealeulate the porcentage er the sousht 
su hisrünce toun n ample. 


Ie comp ht suciznze buy and] 
(2) Perzemage ef sought substance "u = Ee ee 
` | Nau ica mall 
Exercise 6-3 


. "ae . дах ра Tai "Uu ia: а pre aller. ipa: 
Cle alate graeme ie [илиг af ion Ir we inser m from Ероса Кап Кыша, e eet ihe doles ina: 


а Га Tk опыта] (aT, 56 g 
mul. Ripe iio [64 e reli 


Answer 1.7 


Example 6-5 
What is the mess er calcium oxide (Cat formed by conp ete. burn of 


5.164 g uf calcium exalate {Л Л? 
Solution: 


Firsels, ius серии reason shi ime (М String i rgi. 


Esa uin s 


Cal iO ——e Cas 


КСО р COT 


lal 


Phen. stavimelrie Factor ol Ca М 7 x6 mal} in clei cxalate a0 t 
СА 128 o moll 15 calculated. a and h zs determined as I. { Седая Le mamber 
ut culeinm atama in holh апта aie equa ? 


Chemical Analysis 


ü ‘eau 
h I; АЫ 


Tb g mol 


<- a =(4175 
| 12 wel ' 


lr Arde 1 eer ilie rariss nf E309, sas meae facto i агай wir wigs er 
LUO) according to the Felluseime ey wale: 


nm. us [gt E E ^m Vgl Pi: LI 
‘The maws eb calcium oxide is four as Allee s: 


m, p Wha 04375 * 3.164 g = 1384 


еб VOLUMETRIC ANALYSIS 


Whelan ells abs ps i£ цаны anes is mer [C rs Eos pi rhe s liars 
Ineàasuirernie nr nf à chemical FALE nr with okies n rnnge train ss nh The help 
iuf aneulier жани wah kare Cone, Ele salujon wah burns cen- 
ceriraition 1s called as standard solution, Checedare. thos зана вим is dehined as 
ганла: Ip gs lali which cencuns a knew and eedain amount af герен! 
Im a certain итш LE QUA wes, courtier ef indes or prama ete. A firer 
velum iy arabes peves 15 Jmished. fiam The volume uf лапас эшш. 
Hie anamin cf neh cum pere van he ciali ulale ETE lo chenizal sa- 
[игиге miles. 


In cider 4 chram standard arkut. cna, direct preparimion methn ef mul. cn r 
usual. This rs ilors грин disabling s gerajn amant up stimdand substances 
Hm a eerta lume ed e enr édisilled ener is usualle used ЕЛ ЛЫ The 
sul atten anepa red through this meld calles az primary standard solution 


On the mber hand, most oF the Шта standard selutions are prepared through 
SLING ATLA medlnd. In thi acetal, 8 is «hone dirouzh precisz mesur- 
imum af vali of гит which wage with a eenain amann ed stanlai 
SUBSEA ir ani] do dizaine precise алсагыз er salmon In this casus 
standard sulutium is called as secondary stupdard solution, 


As Kiew n, nol all chizu je substances «hich aw used to prepare solutions arx 
эй subse cs, Shanda subs mses Шш Be ust] rust hane The com [iig 
[Гы Ew [ove 


l- egi am Dc stable with high purity. 
2- murstir L react ei absorb aic components &émàrsture, oxygen, ir «arbor 
dinxide amd are not affected by light. 


3- musi have a hig egun alem mas an order 1o miaimize mistakes wich 
var. occur at лаа, process while preparing solution. 


Exercise 6-4 


24 mag ul an organis si bolane 
"ips [тейл] vehi тиг; acu]. Then, 
In erder te precipilute tbe chloride 
voment at the znmpouzd geai- 
Wael, as sileer chloride, some sil- 
ver MULL was added lG Whe resell 
Ing ишш above, Аз the nass uf 
Lhe peecipiated silver zhlernice 1s 
153 mz. calculate che perecntaec 
nt Мше (ede 235 3 mal} in 
Шт: sample 


Au 145.5 annal 


Answer: 3;.54- 


Figure 6-2 
| 
цап Sle 
Їз 
йышт 


pH = 1. 1 JH Hl 
A) Instraar.enbes nsed in EErarien 


B) Celorless phenalphthalerni turns 
(ту pink a1 5H — IN inr 


Alpen LION: Jur uie lewn ЕТТЕ 
vee ll eale the hydre lesia cl ills «le 
Mied Irun weak stid ш haves. Hes «dus, 
vw Cen | aly dra ox nda nan anil red uc- 
Lea re pz neon ane aid Insee uer are анин 
келти malos 


4- neri Ta ave The capability at dsl e ne mihe завети omui ГАШ lec 
weil ahah 15 used imn analysis 


5- Prin -mnismnmms ы ИМ А aic [iere ed. 


6- Prererahls. need (n he cheap ard благ abundar tls. 


6-6-1 Titration 


nal of the timc. volia etri analysis is donc at laboratory. This as dene throngh 
quanrizarivz valine measurement nr ane nr dte Їлп ieg standard sali- 
Dun) whict is necessary do eazi with 3 cerlan imuni et ип Етап solution, 
"| hen, the concentration of 1he unkrur. solution ts сага. This prezess cs 
performed by sending sláandi solution drap bee drop Iren à barete to à Mask 
Which cenam s ripe unbe solomon Figure hn. 7] 


Thus, addition Fı SEEDS Which enmmnucs until rhe cachon honseen shemical re 
Ayant and угш comprirent ena pens is called as titration: Tn tiain prt- 
cea the poort ac whieh the regions end is called as equivalent poimi. hs 
poni is practically can he ehsezsed wilh naked exe салу thiraugh a change in 
а property ul the solution (e.c. chance in Ihe color of solion or Боггаи п at 
precipitate 21 er tiis purpose, usually chemical substances called as indicators 
шу айй te thy Su utum, йз are substances whose celis ar une o 
thei physical гир change ele3ibs av nei cquiealeng poit aldol des 
mon E react in the аса йг. Thre $, this em ar high Fang necu 
and addien Tre. [игеп ia slipped 3 called as end point. This paint needs 
tà coincide wih cquivalenc [xxn But beoween oo points rlheareucalls ard 
practically’ a small di fzrenze can accur. Ths ı5 з result nf aa enc in tration. 
Acts urn 1s tre тиш] cormmarn acd mosi used process. mostls. mstead uf Ше 
veluraetris anal sts Vern, Tae talion analysis ии 18 used. Bul ihe volue: 
pe Analysis Иси is anre expensis ишы ПО: udis gar aeg prose зде 
used qn агай el vases ил addition rm ahin amah Ais 


The reactions elven гап пага геги and enemprnunds ri bz measirec neca 
Lo follow cime conditons. 


l- The reactions nead 10 be mm ple aud. expressed ith balanced chemizal equations, 
represent tlie reactisut adt tie scape чк ze quantified will uie suardard cers. 


2- ies pesid 1 22 une way bab mel equilibrium recliners 


3- The rez tori need 10 be camplere and fat [v some vises, a valle. can be 
use] po ergas rhe “йип rate. 


4- Ги лла, thie uns paint ed cuc resina mods a by lcci Th s is pys- 
sible cas a eap unm a bores sd ssl utin atv meat уя em mirl. 


According Ee his. we can divide choqical reacts which haec Ihe conditions 
above and can he used successfully im Шап processes unin 4. 


‘These are: 


| -Neutralization Reactions: (reaction of Acides and Bases] 

T Ecse reactions inchide cicrahinm pr а sreng hase wath л slancard solucion eda 
steig azid or the apposite as Ше tration af à strong acid solution wa stan- 
dazd sulon ot a strong hase Bettie Һагг ron reagis weh hydroxide ion 
and waler 15 formed. 


Chemical Analysis 


2-.Oxidation and Reduction Reactions: 


This mzhinles ilie races is all suhstarces cd wich à change necia in oxi 
deken numbers. Tre slandard soluiien in these reactions i5 citer a reducir. or 
un nxidizinz agent. 


3-Precipitation Reactions: 


"| aere reacliur include interaction ol runs [except H 4nd OH' ш form simple 
precipitates. l'or example. Iw reaction bet een silver iml chloride mens. 


Ag' ب‎ Cl — AgCI 


precipitate 


4-The Formation Reactions of Complex lons: 


Iur abuses reasons. quede aon spp ur. i sara aly burla qu ether juris ur 
Pioleeules am hes Tiri cee Ira inni eor [инш] These om zune Ил ыы: 
in sed mens bun as showa hebes. thes decermonse mhz. 


LUN - Ag o — Ag CN г 


Сизе complex compound 


6-6-2-Methods of Defining Coneentrauons of Solutions Used 
m traton; 

АА we have studied helíorz, standard aolulian is a аг шїї Ferrer hy disselv NE 
п ceniain ann or reagent zn a certain volirne of selucion. There лге many 


methods whiz h define ihe cu enti el sir pon. Fhe Ге алла: roe ane the most 
eonim enhe used илл цит anal 55: 


Molarity (М): 


A SMO wih | lûr zenecentratien is Farmed з Ц гет | rele or zub- 
sanee an | dm Soh n anle КАЕТ 


m (gy 
i } ť T | 
мео mal _ п mmol: _ M tg; mol 
Vil? Yon? ИЛЕ 


THe ssla ini rhe кшй пи. nae nuanihier ed qnales: МЇ is mT AL Шал Н 
dissolved кш Һет: Yis volume af sn hatin. 


Normality (N); 


You have seen а. Нагою war = in dene che eencenratien nl a dizselved sw 
stance in à Solution. Pus sou will see a new melted culled as normality io 
det re LETAN, Also there are ather erms sou will meet later 


| rm: solution is Omed br з улг Û ecurcülent gram al substance in | 
ШЕК 


Attention: Here, as you can see, 
instead of molar mass M, equiva- 
lent mass EM (g/eq) is used. 


mig) 
Eq (eq, QEq rm eq? _ _ EM tgjeq? 


Nteq/L)= 
E: WiL) VimL) VL) 


Eg m the equation is equivalent gram, EM is equivalent mass. 


As known, the molar mass of any substance is equal to the sum of atomic mass- 
es forming this substance. This amount is constant and shown as gram'mol {g 
mal). Equivalent mass of any substance is the mass of substance which pro- 
duces-or consumes | mole of active component (reactant). This amount isn’t 
constant. [t ean change with respect to the reaction type in which the substance 
participates. According to this, a single compound may have more than one 
equivalent mass with respect to the reaction type in which it takes place, This 
value is shown with (icq) unit. 


Standard concentration (Normality) is usually used to prevent confusion which may 
arise as in one mole of substance, one or more moles of active (reactant) substance 
is found, Therefore, itis preferred in calculations of quantitative analysis meth- 

ods which depend on titration, 


6-6-3-Calculation of Equivalent Mass (EM) 


Calculation of equivalent mass of апу compound changes with respect to the 
reaction type in which the compound participates. These calculations are: 


|-Neutralization Reactions: 


The equivalent mass of an acid is defined as the mass of acid which has one 
mole of hydrogen atom (1.008 g hydrogen) that can change (participate) in the 
reaction. We can define this mathematically as follows: 


Molar mass of acid 

Equivalent mass of acid = اس‎ ne 

Number of ionized H^ ions 
M. 

EM = = ——M——— 

Ишт ег ionized H^ jens 


а in the equation 15 the first letter of the word acid. 


The equivalent mass of a base is defined as the mass of base which has one 
mole of hydroxide group (17.0081 2 of ionized hydroxide group) that can 
change (participate) in the reaction. 


M, 


oo 
Мшпф г ionized OI ions 


b in the equatien ts the first letter of the word base- 


When salts abtained from hydrolysis of weak acids amd strong bases or vice 
versa participate in this kind of reactions, their equivalent masses can he cal- 
culated. Far this, a balanced chemical equation af acid-base reaction is written. 


The mole number which is equivalent to acid or base is found and this number 
is used to calculate equivalent mass as shown in the following example. 


Na,CO, *2HCI 


чап of weak acid 


NaCl + H.O + CO, 


T Маг aasi of Na #0, Nolan mass ad Ia CU, 
Equivalent mass of Tu AE oee———— س‎ 
7 Mole тїтїн of active part of acil 2 


umber of mules af Н 


Mya cr 
ЕМ. rn, 7 


2-Precipitation and Complex Component Reactions 


The equivalent mass of a substance which participates a precipitation reaction 
is equal ta a substance which includes a mole of single positive ion (equivalent 
to 1.008 g hydrogen) or a substance which reacts with it. 


"E Маг mass of substance 
Equivalent mass = 
Positive кип * number " valence 


M 
EM = 
Positive iens number of valence 
The equivalent mass of a substance which participates a reaction tà form a 
complex component (which has electron pairs às active part) shows the mass 
of the substance which donates or takes electron pair. 


M 
ЕМ ~ — 


Number of donated or taken electrons pairs 


3-Oxidation and Reduction Reactions: 


The equivalent mass of oxidation ar reduction factor is the mass of the reagent 
which includes or reacts with 1.008 g hydrogen ar 8.000 2 oxygen. For exam- 
ple, equivalent masses of potassium permanganate and potassium dichromate 
which participate oxidation and reduction reactions can be calculated. 


In order to calculate the equivalent masses of potassium permanganate 
(KMnQO,) and potassium dichromate (K Cr O.J virtual reactions are written to 
determine amount of oxygen in each molecule, 


2KMnO, ко + 2MnO +50 
K,Cr,O, KO + Cr,O, + 30 


According to those above, 2 molecules of potassium permanganate vield 5 ox« 
vgen atoms. Therefore, the equivalent mass of this substance can be calculated 
through the following equation, 


Attention: Tu order 1o dif- 
ferentnate rrambier or males 

of active part al substance 
from number af males, r reta] 
symbol is used. 


| 


а j + 
Malar mass = 2 


Equivalent mass of KMn 
Iu 


With The same таей, the equivalent mass al k г) is calculated as tnl- 
Ins: 
Movlar пїйєз 


Equivalent masa ot КЄ.» 
h 


I arder os simglife ig subject, wee cin calculate The GYA imas sal ans 
иеде which participate nexidanizan ang ieducrin гели, accnoding ro те 
Folios ир Û reavtiums 

Mbeolar mass 
Iquivailent quss ab oxidation [aeter 


Number of taken electrons 


Moli mida 
| qurvalent iTS o] reducti factor 
Sumber of donated electrodes 


As ged above, the цай тг rass GF a subsrange i$ equal da rhe rani nr 
пиг mass ef substiee tu gp notar number. This number shewe s the mber ur 
и еч ul active par е part раирани react ud Ше substaazcz. Tiere- 
bore, number of п can be determaned л hile deciding Ihe яшисе patt ut the sh- 
stanze (according 10 die reaction Гере tha: sulisranec undergoes. Rezine chis 
value 17 | We can Ma ile he general ielariensIup kela ага quis allen maas ПЁ 
substawes ws nh us nielar miet. 


Mg; mul, M 
EM —— — LL ,g.eq, 
neg; inol, i 
M 


! ing, meg 


1 = number of positive salt ions replaced amount of charge of 
a metallic ion 
Example 6-6 


Calculate equicalent mask el each иһ whith panizipiate reactions bes se 


PONO, ЖПК РЫ + Sh, + INO, 


IJ 


H + IMAG, 3H1, = 3a, SOT 


tip 


SF = Mn 0 + SH SF" + Мп + [SHA 
ШЕ -H ` ШП! lpi Iun г. 


LAgNO, TIRON g AHUN., + IK 0 МО, 


Solution: 


[= dn eder qe ашна yu Peale mites oP a sumarse arh qus pex 1 er ы Гүр 
sf Cue еши, value vf rodar anas arid d ace needed tes lie Мше, 


E 2 М қо, 
Pb NO. 5 n 


Te аа аце гт дг nnes of Pl ICE p, итер masses up anime forman rhis 
substance arc summed up 


M ГРЪСМО 21 ОГА ВЯ i2316] 
2331 g, mol 


Then. acceding to the reaction equation below, vue ef n s calculated. 


HIN |. TRI 1, 2ке 1 2G. 


к! 
The causari кем Thar РЇ 2,3. parriapatecd a [wei rari FAT zs Phl, 
saji was Pirr Theret e, The salue ifa is valen karel ag ТИ 


n 7 valence of posilive iun x number o! pusilive duns 7 281 7 2 eq. imal 
NE nior _ 331 ig. mol 


‚юм, CRM RB 165.57: 
NO 2 teq mol dii 


EM 


Yeh the same melted, exjuivalenl masa cr KI sali is какаш аһы] 


NAKI: 139-1.127 166 g: mol 


T, vé knee iO. prosit E pari x omber ul pese ien [К ец 


M, léig: mol) 


Moo m lieq: mol? 


= 1060.09 


2- The Idle ing 15 an azid-Dass reacia 


ISO. ONGC, AIR, 2мас SE 


чит еп mass ef sulle acid 


I| = numher ls drosen poms = 2 ес, mol 


HH Cg mul! -49 gieq 
Jieg: mol? 


Exercise 6-5 


In nrdez їп peepare a solucion n 21. 
lume aml 2/12 М cuneis 
lure many eins 7 Tassie di- 
chromate Rr: de needed ar- 
carding 10 the tolima ing axzdation 
reduction :cazrina? 2312204 û moli 


Ti AH I nfet = 
"pr ДКА töle 
Answer: my 


Exercise 6-6 


hai is Пе mass ot АЕ] um 
hydioside, МАН ibis dil i moli. 


neces pO ргераге а slang ef 


el M So mnl? 
Answer: 4 g 


Exercise 6-7 
tale ше (he mass of dissolved sub- 


alance in each nt the follow ma Sahi- 
Dini. 


l- 3352 anb, PICS MM vile nullae. 
AMM ТМ TFI 


2- 259 anb, Gal bax- 


aR OIGH.. (M АБТ wmolp 
solunan according wo che Solio ing 


Fia. 


HB -2H4Y + Н) (4H;BO; 


Answer: 
44 gr 
114 756g 


Chapter - 6 = 


The egun alent mass uf situm гк] 
MiNaOH»?-1:23. 116 : 1+ I- Adg: mol 


n = number ul [тгк] ions | ec ma 


EM. - eon SO req 
“aH Г І i eq Р mot 


3- The fullowing ts an uxmlatian and reduction cea Tun, 


SF Min, LOT, ST, Mir! ELO, 


The equivalent mass of Ce ion Is 1 Thi» iin is Lhe reducum инет in this cew- 
non 

Md, = SO inal 

T numb ol ла иу рр mol 


Киш ега [ust e ecrans ps ealuulated [rani the difference bebe een oxidado 
slates [valences of Leo amd Pe ins. 


M, 56: g' meh 
EM, - —— =F UU seg: eg 
"n J ,eq ‘mol, 


The equivalent mass et Mii pond This bore is the Seizing aaen in Hie reng. 
pir.) 


M (Mad) ,-1:55-4:16- 119 gi mol 


n number ar ber electrons — 5 gy cil 


Furiber of гер takeni electrons ше шс trum the Пепе be- 
Io eem Ihe usidation skies of Sn ° 2nd Mind” 


M iia 5 119. g mol, 
П 5 eq: mot; 


EM - 


BETTE 


= 29.8 р:ед 


4- The Tolle ina is a complex in darmaren reacrian 


APW, — TECH m | un Cs by, m a s + ШЕРИ 


The equivalent mass uf sileer nilrabe LPL. 


MC AgNO -1:108:121413516 - 170g; mal 


n = number of accepted electron pair = 2 eq/mol 
— Mao, _ 170 (g/mol) 
NO EF AE ра 
ч n 2 (ед mot; 


The equivalent mass of potassium cyanide KCN B 
M, KCN, -1:39-1:12-1*14 = 65 g/mol 


EM 


- 85 g/eq 


117 number of donated electrons Ixi = | eq'mol 


Macy 65 (g/mol; 


gi mE.‏ 65 = ڪڪ 
n yp E! eq FEB 50‏ 


а, 
ч матои 


Exam ple 6-7 Volumetric flask 


n value of 0.23 mal/L sulfuric acid is found to be 2 eq/mol in a neutralization 
reaction. Caleulate the normality of this acid solution. 


Solution: 
If we consider the reo mathematical equations about standardization of salu- 
tions and their molarities, with the condition of their molarities and n (eq'mol) 


values are known, it is possible to calculate its standardization (normality) by 
the following equation. 


N (eq/L; = Псед/ mol; x M (mol/L; 


N = 2 (eq/ mol, x 0.23 ( mol/L, = 0.46 eq; L. 


6-6-4-Instruments Used in Volumetric Analysis 


We should express that liter (L.) is a principal unit to measure volumes of solu- 
tions used in volumetric analysis processes. Also milliliter which is a thou- 
sandth of liter 1$ used in volumetric analysis. While making sensitive measure- 
ments with solutions, only some glass instruments are used. These are: 

I -Valumetric flask: [t is used to measure the volume of solution during 

its preparation 


2. Burette: During titration, it is used to measure the volume of consumed | 
solution accurately. 


Pipettes 
3- Pipette: [tis used to transfer a certain volume of solution from one contain- р 
er to another. , 
Figure 6-3 
6-6-5-Calculation of Volumetric Analysis Results Laboratory equipment used to 


measure volumes of solution 
The aim of any volumetric analysis with titration method is to add chemically 
equivalent amount of standard solution on the substance with an unknown 
amount. This condition occurs in titration process, (Equivalent point 19 the 
point at which the amount of standard substance becomes equivalent with the 


amount of substance which is to be guessed in titration process.) Practically, 
this point is determined at the end of the reaction (practical equivalent point]. 
At this point, one of the properties of the solution changes (e.g. color change). 


In titration processes, chemists usually use standard concentration to define 
concentrations during preparation of solutions. 


Therefore; As we have mentioned before, standard concentration (normality) 
is basically used to calculate the equivalent masses of substances in volumetric 
analysis calculations, 


The following titration experiment shows the calculations mecessary to find 
out the mass of barium hydroxide Ba(OH), (M=171 g'mol) using volumetric 
analysis processes. Por this, we follow the sieps below: 


l- We dissolve the sample in distilled water. Then, we complete the volume of 
the selution to 25 mL by adding distilled water in a flask. 


1- By a pipette, 20 mL from sample solution is taken. It is transferred to a 
volumetric Bask with appropriate volume. 


Ле A few drops of organic indicator methyl red is added to the soluion. This 
substance doesn't reacte in the reaction. But, at the end point of the reac- 
tion, as a result of change in the pH value of solution, its color turns red from 
yellow, Therefore, the solution turns red at the end point. 


4- With the barium hydroxide solution in the beaker, titration starts against 
standard hydrochlorie acid (with 0.008 M or 0,098 N concentration) solution. 
Far this, acid solution in the burette is added drop by drop to the sample solu- 
tion in the beaker. Meanwhile, the solution in the beaker is swirled continuous- 
ly. At the end, for the color change from yellow to red (at the end pointi, 22.4 
mL of acid solution is measured tà he added. 


Firat reading 
of volume 


Attention: The unit mmol/mL is 
equivalent of mol/L. Both are motari- 
ty (M1 units. 


| Chemical Analysis 


5- Calcular A& kogar, al The cod peu at rhe гра practical, iiw- 
aleut point, the aniuunc af unk ngen substanse (substance le be measured] is 
equal 4o the amnunt ob slardard suastanee. In order te calculate Ihe amount 
amaun az substance is detinec wih number of males or equivalent grams elc.) 
nl zubsranee dissi ed im a selulimn, Cre voh ma ot solumion Oils i mullipligd 
hh rh vur vitraron op sulur eim peel Lor eq L respecnr e 


Amount al subsmnee 


(minal) = V (mI) € M Сич) 


uisscdved i solution 
TV 


Amour ol substance V 


[ mea) = Un) # N (meq'mL.) 


АШЫ! i solu port 
Generally ihe Pollow me relationship eau 2e «cien when reaction has reached 
eni port in any галоп proce. 


Arcum oz ansmow n subalance = AU AL of sLandard subsume 


Anon ot equivalen grants al UIT xiisrance pegi = RIT ar exguiv- 
alant eran vo edd ard Fubra el mew US c Wap ci (t V їн, 


Baci nan = Paar! Y Gai a, 


0.098 тет. Z2 imbi Mgao: © 20 ту 


lor this relationship. standard coacentratiun norma ats ol Baal li, solutiun 
can be calculated. 
CRE [me ИЕ = 22 41ml 


= E [1EV7 meg mL. — 41,1097 ag L 
an mL " i 


Maari, 7 
In rr? ro cakle rhe amennr at dizsolved zuirbsraneeo in а Crain voline qnt 
alien 125 mE qz eypurvalenr mass uP tate (9%, exule i calenlaed as ful 
hows: 
"Fre reactia l= ихе d ШИШИП: 

На. + SIMI 0 Bac, + SIEG 


Ашыг bo ties гел I] Z ex med. Vherelere, 


Мр [т] pe'ra} 
ОТ ШШК"! -85.5 пец 
2 fey mali 
ты 
Кад 141 Fh то. сц 
M (cen Li = —- = 
^ [L1 Yml.) 


(А11. 
We ecc the МЇ ны ronnula it we zc-amsngc the equation 
Rial) Мт л * EM ip cq 
mige o سسس‎ 

T LOCI cm. T. 
D. OR? deg. - Z5 (mb) + Ba. [ge eq? 
mir] = р 
LONG {тЇ Ї.] 


migp-7 235 р 


Attention: In iram gurges, 
‘he йитип er ит are arè- 
Dared m melar concentration. But 
deteniminia the га] уап! mass or 
sallii E НД saline cle 
Tends пи шл the cede [inn egi 
Len. Bur. if substances uih egual 
amber e£ meles reget. without 
reed du erbe û balange chenucal 
equae, [he РО праг mg relationship 
сап he applied ш ihe end por. 


Ne VEN, € 


Thus. 10 derne rhe grenar s 
of ымаа used m гага 

preezsses. запаса] cenocmianeon 
LS malit expression is pretere 


Exercise 6-8 

Pr assum permnaneanate, E rih, 
15 a “Аһ, ged ичгин in zw- 
Uactiun-oxidzbun zeuctiuns, al 
Is ihe паш nd a chemical reacts 
imi wlth porassium permangeanntz 
15 ПЕЕТЫ Ww aieduce Мп) 7 Wl a 
rhe? normalis àf rw Solumum wh a 
molari uf uar 


Answer: 1;41 |5 24.1. 


Exercise 6-9 


The аттыга uf rizkel wes measured 
in à kumple wirk (italian process ace 
cording Ia Ше reaction bellos 
Mr d 30N:— Маа 

Ho mg of sample wee Maged asam-l 
IAS M RCM аулга saluia. A 
35 3 ml. al RON was used n hen dhe 
end parl was reached. calcula the 
[гыштын ilIa АЛ GS emily 
in The simple. 


Answer: &7,52, 


Exercise 6-10 


QUAE малба sample zonam acetic 
acid. HTH, IM А eine was 
zIandardized veia гаям at 0,275. M 
sandid slim hediexside saluir. 
AS the vulpme af selur en needed ru 
reel: dhe emad quent was 365 rib, 
calculate (Pe percentage of acetiz acid 
m the sample. 


Answer: 47 34* 


Chapter - 6 


Example 6-8 


01743 g потре nsalic acid 4H OBS) р тп was Пг] wilh sodi- 
umm Imsleusiuds selui, 39 82 ml atf DS M base ТҮҮ veas used àr ihe end 
pow. hag is dle perceilage uf uxaliz acid in the sale? 


Solution: 
‘The reaction ж ичп: 


?хаОН Н.С, — Mat) - JHU 


According Kodhe neutralizon reacción, | male ed acid resected with !znales ar 
hase. [Tal means, ac the end paint nf Шле reacia; 


1 
wig HA a pily КН 
The arwar ig t al sesurn [redes nde rp а П ае 


NN КТ V {гї |. B nml ml.s 


И wooden 


marl, ШЕЛ ШЕ QUU emmolm] 


mul, m 4,583 mma 


Fran Ihe amount of sodium hydroxide. the amen af reacting malic acid can 
he ealeulared 


Abie end puia af ihe arte prasie Ally thie ЕТШЕДГ 
Halt ur rhe ariete uF seam ШЕ йак — rhe спи ot кк ДЇ 12 ped 


iic at GE reang sedium dios dye 


^a 


mama H CD, — 


*5 383 mmol 


зыт | 73 10> mel 


E 
miz) 
M yee cri 
Митар А 
ETE 
ram the re-arzanze ment od dhe equation, the wring teraula as ате. 
mier Mrmal Lie Wili Малта 


In ries euler. trib Lhe result пирин etf solumeg amd molarity, ihe 
ттш of acid defined wilh mimber ef mnles vs serie. 


mimi 1.79 - [O^ anal) o Uta mole (Һа 


"hen, the percentage et impure пх acid in the sample сл А uezarnd- 


ing mn the fellow ing relaciona р. 
mi c ci, ral 

H.E CI M о «gun 
7 ШК DI 


0.10 ig) 


H.E CL — —— 
Ы n 1713 dah 


| H- 91.85 


BASIC EQUATIONS 


С = аг. М — yii mob Gravimetric Factor 
j b Му (g/mol) 
hAGnol /L3- ain Molar Concentration (Molarity) 
VL) 
Nteq/L»- — Standard Concentration (Normality) 
(4) 


BASIC CONCEPTS 


Qualitative Analysis Methods: A group of chemical analysis methods which is used to determine from which compo- 
nents a substance or а mixture is made up and how do these components relate to each other, 


Quantitative Analysis Methods: A group of chemical analysis methods which is used to determine the amounts of each 
component in а certain amount of the sample. 

Gravimetric Analysis Methods: A group of quantitative chemical analysis methods depend on separating and 
measuring the mass of a substance with aknown chemical composition, contains the component tà be estimated, 


in pure and quantitative terms, about à known mass of the sample to be estimated. 


Volatilization Methods: A group of analysis methods which depend on extraction of volatile component in a sample and 
then determining its mass with direct or indirect methods. 


Precipitation Methods: A group of mass analysis methods which depend on transforming the substance to be measured 
in à sample into a welghable pure component with a definite chemical formula through precipitation reactions. 


Gravimetrie Factor: The ratio of molar mass of sought substance to the molar mass of gravimetric formula But 

in both formula contain the same number of atoms of the element or molecules of the component to be 
estimated. 

Titration: It is the process of drop by drop addition of standard solution in a burette with a known concentration into the 
solution ina beaker with an unknown concentration, This addition continues until the end point is reached. The aim of 
this process is to determine the unknown concentration via the concentration of standard solution by measuring volumes 
of used up solutions during process, 


Equivalent Point: It is the theoretical point at which the amount of standard substance in burette is equal to the amount 
of unknown substance in beaker, 


End Point: It is the point at which the reaction between standard substance and unknown substance completes, The point 
is determined practically (experimentally) by using one of the suitable indicators. 


Titration Error: It is the difference (in volumes) between equivalent point (theoretical) and end point that is measured 
practically in titration process. 


Indicator: It is a chemical substance which is added to the solution in titration process; although it doesn't react 
in the reaction, one of its physical properties (e.g. color change) changes clearly at the equivalent point. 


Neutralization Resctlon: [t 15 а reaction which takes place between an acid and base and yields salt and water as prod- 
ucts (Hydrogen and hydroxide react in order to form water molecules.) 


Precipitation Reaction: itis a reaction in which a slightly soluble solid substance (precipitate) is formed. 
Osidation-Redoction Reaction: ll ia а reaction in which reactants undergo oxidation and reduction. 


Salt: [t isa compound which is formed hy the combination of a positive ion (except H^) and a negative ion (except OH 
or Q7). 


Equivalent Mass; It is the mass of a substance equivalent of substances as 1-008 2 of hydrogen or 17.008 g of hydroxide 
or 8.000 g of oxygen in a reaction. Equivalent mass isn't a constant value, but it changes according to the type of the 
reaction. 


«<> > 


Chemical Analysis | 


QUESTIONS OF CHAPTER-6 


h-]- How Can we separate comman positis е dens ications) Free each other’! 
6«2- ante the positive iens in LE teral urup id The table &- EF. Paine the Faetors causing анн bo precipi- 
tate How can copper 10m and iron inm im the sani: salurn bo separated’? Explain 


== Complete the follwing reacts and tell the properties H prinducts. 
E ‚то, urd ДАШТ "idler 


Pl 
: NI. LN 
Agi | 
T dili: Ш 1 МІГ. К al ТУ “nll. “nll. 
tir a h h m h re П 


б-4- Нама is the separanon nracess af Hi" and Hz 27 iens mado? 


5-5. Fill in the blanks, 


|- Cr is ane Gl... pia posibive ions ага i prevcipibales ust. orm aller ahlin 
ENS C onn UAL ааа precipitants. 
25 Precipitants of PY 2coup posite es ing aie ........................ O ee arid 


3- Molarity of 02S ААК) solution is... 


4 Value af n ofa saluta whieh is AMM and EN 1з............... 


O-b- [n order te precipitate 1.67 p ef lead айтте Philo. how mais wams of potassium iedare KHA, i3 needed? 
(RMD, = 213 mel. ГЇл, = 557 simol, 


= 


Answer; l. 283 u 


= 


D-7- [4.4 me ab carbun diode wits und 25 ma ul winter vapor «ere produces from burning ul an 5.7 ma ur: 
ganie cium .{ aleulate tbe регистон al carbon amd hydrogen in tbe cornpound. 


(02:12 ima, & 6 лт, H:l тю] 
Answer: ds Uta, 40%, 


B-A- AS 36 T ml Is reehiloriz aed solution is ceuqumalera do J3 апта] D 23h М] sod uam уга йг. solution, what 
15 Che пих иу у Фес ссе acid? 


Answer: fe 378 M 


B-D- 3 L salutien of 9,5 p et barum уче is prepared ro be used in an acid-base reaction. What ia the Mo- 
larity anal normality al barium hydroxide Bad И Ва Ну: 121 ima) 


Answer; dle? M: 114 eL 


б- ИЕН 13.073 nmi ol carbon aligeude. (AD. паз is released om combustion al 3.7 nin as a hydrocarbon à ur- 


ganie Co HINA. what 15 patio of lige in thi eompiunml ? (Mc 7 123 v mal. Mo 7 22 genus | 


« ^5 > 


6-11- What is the volume of 0,2 M potassium permanganate solution which 15 necessary. to titrate (oxidation 
-reduction reaction) 40 mL 0.1 M iron (11) sulfate in acidic medium? Titration reaction equation is given 
below. I0FeSO, + 2KMnO, + 8H,5O, — SFe {БО}, + 2MnSO, + K,SO, + 8H,0 


Answer: 4 mL 

6-12- Circle the correct answer in the following questions, 

|- What is the r value of iron (П) sulfate, Fe (SO) ),, salt used to precipitate lead ion? 
А- 4 eg/mol 

R- 5 eq/mal 

C- 6 сатпа! 

2- How сап Си?" ion be separated from Ca^ ion by addition af one of the following? 
A- Dilute HCI acid 

B- passing HS gas in NH,OH and NH,CI through solution 

C- passing H.S gas in dilute HCI through solution 


3- What percent of 0.74 g of impure pesticide C, HCl, (DDT) is pure which is needed to obtain 0.253 g of 
AgCI? 


A- 17% 
B- 19% 
C- 21% 


4- What is the name of the gravimetrie method which is used to determine the mass of a volatile component 
fram mass difference occurring after a certain amount of sample is heated or burnt in open air? 


A- Direct volatilization method 

B- Indirect volatilization method 

C- Precipitation Method 

5- |n gravimetric analysis processes which depend on precipitation reactions, 
Ae formation of colloidal precipitate is preferred. 

B- formation of crystallized precipitate is preferred. 

C- type of precipitate has no significance, 


6- What does the ratio of molecular mass of sought substance to molecular mass of gravimetric formula show 
(with the condition of both formulas contain the sought element or molecules)? 


A- Precipitation formula 
B- Molar mass 


C- Gravimetric factor 


Chemical Analysis 


1 What is the definition a£ mass oar the эд s hist. prodiges or канте Û mele zd active cempnnea? 
As Equivalent Mass 

B- Менг Flass 

C- Slandanl Mass 

A- Che normality af solution obtained by dissolving L5 eat KCD. in 548r mL ef distilled «att: 


LEO Sete = IA TIED 
Ae FESAD ok 


B- Dia ggl 
C- 3.1% PL 


&-L3- Calculate the eri пто Factor ol Na, PD (else ыл in My. lO. (hl -—227 wu). 


Answer l.l! 


@-14- 50 mL LI lC. (M 1756 rl acil soluble was unated against 0,145. № standard. sedium. hydroxidc 
SUL. Ax rhe volume of the bise solutier: added: Troon Parete vi ccach end point w as 33.8 ml, eleulare the 


Tolle ing i 


As алапа, ef HO. acid 

R- Accormling ka Ihe folles nig reactian. Wl the sume acid was ЫШ po abtin ions ss hau would be the ити 
of the acid? HKJ, + 4Fecl,- SHIT — ACT — JF 7 ICT, + SHLD 

Answer. A: 0.13 M; B 0.52 М | EM НН 


6«15- [n ercer 10 tind the cancentratian ol t$ mb Каб] эшип, ic sas trated against 1.019 М sulfuric acid. 
47.1. mb of acid was added to reach the end poi. Caleulaie the. molar concentrate of xocium bedi ihe 
шиш, aml then find out the mass et Ma dissolved in 500 ml. of this solution. (Nate 7 30 immo ]. 


Answer. US Vl: ng 


6- [6-13 g ef impure shum dide, Mal; 4M 130 gamel) sah was diasolved ın we ani. To arcere. w- 
unde ions, ъа аши гат гац, Ag, solui wem ийын! tothe solium. à: abe end sH ilie reaction, D. 733 ur of 
silver iodide Apl iP = 7235 g mol] ртка а was obtained. Calculate che percentage of sodium iodide 
Чишш ii impurz. salt. 


Answer Ya 


b ET» 3.29 a ol sodium zarbamate crestals a OC SO as ааа in pure water then she solame is yun- 
pleted la 250 mL, 13 mL al tl! HUC] soalitien is needed Ie ngra ire 5 mL ol ihe same solula completely, 
V hat is thet number of water inelecule q% pini bie Berni o£ Wa cihat LOY (Mac: 23 omel. €: 13 sAn, СЕ 16 
emal, Н: 1 p/mal? i | 


Answer wa l T1, ТОН, 


6-18- Potassium тод solution was added 160.34. 20 mL. potassium. permangarale (КО solubien in 
acidic салтат». АК end of ihe reaction, sone halime qf.) was. produced. Produced) iodine was tired 
wilh sodium thiosu fate, Ma SU. (M=1 38 p malt. 


|, : IMa SaD ك‎ INal o Na SU. 
Io nach ihe end point. 23 ml of Ma 8 EX as consumed. According te this. calcule the allowing: 


Ae The normalny ad Ma, E, soluuan 
B- Hove many grams ol seda IPaesullate pP eded to prepare | E solution? 


Answer АТАБ 24 N; UBS? р 


6-19- What ts The mass ef harun sulfate, Bas, [RET 2 13 smod thal үги Ын completely when a sufficient 
ameunt of bari chloridc Ball. (M=208 emali is mixed wih 101 mL al sulfuric az d solution, H SC, 
(M98 pimol Lê inb ob 0.10 P4 Ica 21 is needed tò neutralize 24! mb Н sulfuric acid. 


Answer: 1,952 y 


ORGANIC CHEMISTRY FOR CHAPTER-7 


SUBSTITUTED HYDROCARBONS 


ACHIEVEMENTS 

After completing this chapter, the student is expected to: 

* Differentiate the class of a compound from its structural formula, 

* Apply the IUPAC system to name organic compounds (hydrocarbons). 

* Leam the physical and chemical properties and reactions of aromatic hydrocarbons. 
* Leam methods of production of these compounds, 

* Separate alcohols, ketones and aldehydes using analysis methods. 

* Learn the significance of these compounds in our daily lives and their usages. 


H-C-H 


H 


Methane 
[ saturated hwdrecarbon 
single bond 


Й 
C 
i 


H 


Ethylene or ethene 
(Unsaturated hvelracarhon) 
double bond 


H-C=C-H 
Acetylene 
[unsaturated hydrocarbon) 
triple bond 


BENZENE 


[aromatic evelic, unsaturated 


hydrocarbon 


Table 7-1 


IUPAC Momenelatuse of Hydeocarhons 


Miihe | amem Me Ane Alium 
of carte | Lain E 


LLL  „— 


7-] PREFACE 

Previously, we have leami that one of the branches of chemistry is or- 
genic chemistry which studies properties and reactions of some com- 
pounds that have carbon as the basic element besides other elements, 
Hydrocarbons are considered as the simplest part of organic chemistry as 
they consist of carbon and hydrogen elements. Hydrocarbon compounds 
are divided into two as aliphatie hydrocarbons and aromatic hydrocar- 
bons. In hydrocarbons, covalent bonds which are formed by electron 
sharing exist between carbon atoms. If there is one bond between two 
carbon atoms, the compound is called as ALKANE. Alkanes are satu- 
rated aliphatic hydrocarbon compounds. If there are two bonds between 
carbons, the compound is an ALKENE, if there are three bonds, it is an 
ALKYNE. Alkenes and alkynes are unsaturated aliphatic hydrocarbons. 
They can be either in open-chain structure or in cyclic structure. Ben- 
zene and its derivatives form aromatic hydrocarbons. These compounds 
have cyclic structures, 

The compounds which have the same molecular formulas but different 
structural formulas are called as isoemeric compounds, They have diller- 
ent physical properties such as different boiling and melting points, We 
have learnt how to differentiate this kind of compounds. 

Example 7-1 

Write down the structural formulas of n-butane and 2-methylpropane 
(isobutane) which have the same molecular formula C,H 


H 
Solution: H-C-H 
гаа н | H 
| NI i i 
H- C-C-C-C-H H-C -C- C-H 
M Pee wl | d 
H HH H H H H 
n-butane 2-methylpropane 


As VOU see, iad 7 1 these two compounds have the same molecular 
formula, they have different physical and chemical properties. 


Example 7-2 
Name the following compounds according to IUPAC, 
T H, 

CH, —tu-cu- CH= CH, CH, ев, 

CH, CH,—CH,-C —CH,—CH—CH, 
(1) | 

єн, СН, СН, (2) "s 

CH,—'CH, 

? : (3) | 
Solution: 


(1) Seethyl=2-methylpentane 
(2) 244,4 -trimethyIhexane 


(3) Zamethyl-1-batene 


The basic structure of all hydrocarbons consist of carbon and hydrogen, But 

many hydrocarbon compounds also include oxygen, nitrogen, halogens, sulfur 

and other elements. What are those compounds types ? What are their properties? Exercise 7-] 

What are the relationship between those and hydrocarbons? "Wee diwn. лика Бапа für 


The presence of elements other than carbon and hydrogen in hydrocarbon cecom- C.H, compound with their names, 
pounds give them some distinctive properties. These elements and element 

groups Which give organic compound distinetive properties are called as func- 

tional groups. 


Functional groups are attached to carbon atoms, Table 7-2 shows those fune- 
tional groups. 


Functional Group: They are atoms oc atom groups which are bonded to the carbon atom that differentiate organic 
compounds and give them different physical and chemical properties. 


Table7-2 | 
Table7-2 | Functional Groups 


General Name of 
a en س‎ | 
CHBr 
[майин | H | ot | «| „ы, | Atanas 
CH,CH -OH у | 
CH;- О - CHs -OR 


Aldehydes 


1 Carboxylic 
EH- C - OH п 20-2 СЕ: - acid 
Ethanoie acid E 


i 
|CH;- C- O - CH; 
Methyl ethanoate 


CHCH: - NH3 
Ethyl amine 


Teniary  R-N-K. 


т р‏ ے 


7-2 ALKYL HALIDES 


Exercise 7-2 By cleavage of one hydrogen atom from an alkane, ап alkyl group forms. 
Name the following compounds Table 7-3 shows some alkyl groups derived from alkanes. 

according to IUPAC. (R—H)-—H. R— 

1) CH; alkane alkyl 


| m Tarh ‚ 
Ch CHCH Csc ch | Table 7-3 Some Alkyl Groups derived from Alkanes 


2 ČH CH; 

| | 
CHi—CH — CH = CH — CH — CH; 
3) CH 


| 
CH; — C — CH: 


| | 

СН» When a halogen atom (x-jis bonded to an alkyl group( R=}, the resulting 
compound is called as an alkyl halide. 
These compounds are derivatives of alkanes. The functional groups in 


| 
those compounds are çx or R—X groups. 


Attention: | 

mene = one Here, К represents alkyl group and X represents halogens as L Br, CI. 
Primary = the carbon is attached to 

one other carbon. H H H 

Secondary = the carbon atom is al- | 

tached to two other carbon atoms. H— EE] H— C— ©— Br 

Tertiary — the carbon atom 15 attached | | | 

to three other carbon atems: H H H 


Methyl chloride Ethyl bromide 


Alkyl halides are divided into three according to the carbon atom that 
halogen is attached to: primary (1°), secondary (2°) and tertiary (3°) 


Primary carbesn atom Secondary carbon atom — Tertiary carben atom 


v V „у 


R—UC—X R k= C—X 
| | 
н H R 
Primary alkyl halide Secondary alkyl halide Tertiary alkyl halide 
(1°) (2°) (3°) 


While forming alkyl halides, halogen atems can replace more than one 
hydrogen atoms either on the same carbon or different ones. 


CI CI CI 
аса н се H— са 
d Cl i 
Tetrachloromethane trichloromet hane dichloromethane 
Chloroform 


7-2-1 The Nomenclature of Alkyl Halides 

Alkyl halides are named according to IUPAC nomenclature system as 
follows: 

l- The longest carbon chain which has halogen atom is chosen. It is num- 
bered starting from the halogen atom. 

2- Firstly, the number of the carbon atom attached to halogen atom is 
written. Then, following the (-) hyphen symbol, halogen's name is writ- 
ten with —o suffix added (chloro, bromo, iodo). If there are other halo- 
gens, first the (-) symbol, then the names of those halogens are written in 
the same way. Halogens’ names are written in alphabetical order in the 
compound. For example. bromo, chloro, indo respectively. You can see 
those orders in Table 7-4, 


| Table 7-4 Systematic Names of Some Alkyl halides 


| 
i 2-ehlorobutane 


Br 
сн, —'CH 

Br 

Cl Br 


Xe 


З 2.2. dibromopropane 


3-bromoa-3-elilorobutane | 


єн, 


CH,—'CH—'CH ‘СН —Br 


|-bromo-3-methylbutane 


7-2-2 The Synthesis of Alkyl Halides 
Alkyl halides are synthesized through many methods in industry and laborato- 
nes. We will explain some of those laboratory methods. 


Addition of Hydrogen Halides to Alkenes 

In case of the reaction of hydrogen halides HX such as (HBr, НСІ, HI) 
with an alkene, hydrogen atom is attached to one of the carbons around the 
double bond, halogen atom is attached to the other carbon and alkyl 
halide is obtained. This reaction is called electrophilic addition reaction 
(searching for electrons). 


| 
H—E—] 

I 
Triodomethane 
Генон тп 

Br Br 
СИЛИ ЛА: 

H H 


| ,2-dibromoethane 


Attention: 
While writing name of compound, 
does not leave space, 


Exercise 7-3 


l- Write down the structural foriti- 
las for the following eaompeourds: 

à- -— Li- dichlagoethane 

h- — 2-rono-2-icdehexane 

© 2-ixdo-2-methylbutane 


2- Write down the systematic names 
of the following compounds. 
a) СНС 
h Вг СІ 
| | 
CHi— CH — CH; 


Note 


Mechanism of reactions 
wherever found for 


information only 


Attention: 

As nucleophile groups are free 
electron-nch (they have two or 
more electrons), they are named 
as nucleus loving. As electrophile 
groups have empty orbitals, they 
are named as electron loving. The 
steps of this mechanism apply to 
all alkenes which are symmetrical 
around the double bond. There- 
Tore, it does not matter which 
carbon atom adds hydrogen and 
halide. The result is always the 
same, the same compound is 
obtained. 


LC I—m 


This kind of reactions occur in compounds which have double or triple bonds 
between carbon atoms. The reaction of hydrogen bromide with: ethylene and 
2-hutene can be given as examples. 


CH, = CH, + HBr — CH, - CH, 
1 E S CR 


H Br 
Bromoethane 


FE1hylene 
jd 
CH, - CH = CH- CH, + HBr — CH, - CH - CH, - CH, 
2-butene 2-hromohuiane 
The mechanism of the reaction is as follows: 
l- Hydrogen bromide contains positive proton (H^) and negative bromide 
(Вг) ions. 


H-—Br 


H + Br: 


Еш їшїп Ми: орде 


2- Proton (естри jis added to the double bond of ethylene and carbonium 
ion forms. 


н, + CH,2CH,— — —- CH,-CH, 
ANC. Carbeaium ion 


3- Negative bromide ion (Nuckoptite) adds to positive carbonium ion and forms 
ethyl bromide (alkyl halide}. 


CH,-CH, + Br CH,CH,—Br 


Bromoethane 
The steps of this mechanism apply to all alkenes which are symmetrical around 
the double bond. Therefore, it does not matter which carbon atom adds hydro- 


gen and halide. The result is always the same, the same compound is obtained. 


eats 
CH=CH, + HEr- 
= ши pel 


e BrCH,CH, 


ru. СУ 
CH, - CH, + HBr ——+ CH,CH Br 


But if the groups around the double bond are not symmetrical, the reaction 
mechanism follows Markovnikow’s rule. 


A ' „ | 
js P mes CH,—CH —CH, 
CH,.-CH =CH, + HBr 2- bromopropane 
" i 
— Ой г CH,CH,CH,Br 
nonsymmetrical alkene l- hromopropane Exercise 7-4 
According to Markovnikov's rule, 2-bromopropane is favored instead of |-bro- Write down the reactions of the 
mopropaite. following with НСІ, 
Vladimir Markovnikov assigned the following rule after so many experiments. &- [-butene 


When a compound is added to a double bonded compound with asymmetric h- 2-butene 
groups, the positive ion of the compound adds to the carbon with greater num- 

ber of hydrogen atoms around the double bond, Negative ion adds to the other 

carbon (with less hydrogen} of the double bond. 

Tertiary (3°) carbonium ton the most stable among the secondary (2°) and pri- 

mary (1°) carbonium ions, whereas secondary carbonium is more stable than 

the primary one. 

In the example above, Compound А is more stable therefore it is formed more 

than Compound B. 


Н-Вг 4 Н' + Br 
CH,-CH —CH, 
fF. سے‎ 8 | . . 5 
“Ty {ШЦ — more stable carbonium (2°) 
CH;-CH —CH, + Н 
+ 
CH,CH,CH, 
less stable carbonium (1°) 
s 
+ М 
CH,-CH-—CH, + Вг ——+ CH,-CH-—CH, 
secondary carbonium ion 2- bromopropane 
Example 7-3 
Prepare the compounds below: Exercise 7-5 
| ethyl chloride (Мото апер from ethylene Write down the semis E 
2j 2-iodopropane from propene las for the following reactions: 
| з l- Prepare 2-bromobutane using 
Solution: ir albam 
Ethylene Chloroethane 


2) CH, - CH=CH, + HI + CH, - CH - CH, 
| 


1 
Propenc 2-іойоргорапе 


7-2-3-Properties of Alkyl Halides 


l- Physical Properties 


Alkyl halides like CH,CH.Cl, ЄН Вг, СН АЛ are in gas form at room tempera- 
ture, Alkyl halides up to C, аге in liquid form and colorless, Alkyl halides that 
have more than 18 carbons are colorless and solid. They do not dissolve in 
water but dissolve in organic solvents. The reason for their water-insolubiliby is 
that they cannot farm hydrogen bonds with water. 


2- Chemical Properties 

On the carbon which halogen is attached, the bond between carbon and hydro- 
gen atoms is polarized as the halogen of alkyl halides has more electrons than 
carbon. The poles of this bond vary according to the type of halogen atom. For 
example. in alkyl iodide, the polarization is very low. The carbon which has the 
halogen atom becomes a good target for addition by the nucleophile group. 
The most significant reactions of alkyl halides are nucleophilic substitution 
reactions. 


H 
" | шт 
Nu: 4- R—C-x* ———— R—C- Nu + X. 
wy gl 1 Juded group 
pseleophile H exer 
alkyl halide produet 


For this type of reactions, the following сап be given as examples: 

A- The reaction of alkyl halides with aqueous potassium hydroxide 
{КОН solution 

In this reaction, as shown in the following equation, halogen atom substitutes 
with hydroxyl group (-OH) and alcohol is formed. 


но 
СНІ + KOH ——= CHOH + KI 


lodomethane Methanol 


н» 
CH,CH,Br + KOH ———> CH,CH,OH + KBr 
Bromoethane Ethanal 
R- The reaction of alkyl halides with aleoholie potassium. hydroxide 
(KOH) 


When an alkyl halide reacts with alcoholic KOH, an alkene is obtained. In this 
reaction, HX molecule is lost from alkyl halide. This is a method of production 
af alkenes. For example: 


CH X-CH, + KOH E, CH,-CH, + KBr + H,0 


Bromocthane Ethylene 


CHOH 
CH,CH,CH,Br + KOH тна CH.CH-CH, + KBr*lLO 
1-hrormopeoparse piopene 


C- The reaction of alkyl halide with magnesium metal in dry ether Exercise 7-6 


Alkyl halides react with Mg metal in dry ether ( free from moisture) Write down chemical equations for 
to produce Grignard reagent to form methyl magnesium iodide the following reactions: 
{electrophile). from which alkanes are prepared. | - The reaction of 2-chloro-2.meth- 
For example: yipropane with aqueous KOH solu- 
than 
E dry ether ; ; 
СН! + Mg CH Mgl 1- The reaction of 
fodomethane Methyl magnesium iodide | -bromo-3-ethylpentane with КОН 
(Grignard reagent) in alcohol 
dry ether 
CH,CH,Br * Mg CH,CH,MgBr 
Bromomethane Ethyl magnesium bromide Functional group 
(Grignard reagent) 
| po a 
7-3 ALCOHOLS сон 
Alcohols are hydrocarbon compounds which have hydroxy! group bonded to sat- | 
urated carbon atom. (-OH) is defined as the functional group in these compounds. 
Their general formula ts R-OH or (CH, 0). 
' CH,- a CH, 
CH,OH GF ac OH 2- methyl 2 propanol 


Alcohols are classified according to the hydroxyl group that is attached to carbon 
atom. If the carbon atom with hydroxy! group is attached to another carbon atom, 
itis a primary (17) alcohol; if the carbon with the hydroxyl group is attached to 
two carbon atoms, it's a secondary (2°) aleahal; if the carbon with the hydroxyl 
group is attached to three carbon atoms, it is called as a tertiary (3°) alcohol, 


Primary sarbon atem Secondary carbon atom Tertiary carbon atom 
H K R 
кон Е — СЁ он "— m 
| 
H H | 
Primary oval Secarslary alcchol ‘Tertiary alcohol 
(1°) (2°) (3°) 


Do you know that’ 


Alcohols also include compounds 
that have 2 hydroxyl groups such 
as ethylene glycol or three hy: 
droxyl groups such as glycerine. 
These compounds are called as 
polyalcohols. 


CH,- OH 
CH,—OH 
Ethx lere ghcal 
Dihidroskde 
CH,-OH 
en —OH 
CH,—OH 
Glycerine 


Tri-hidroxide 


Exercise 7-7 


A- Marne the Following compounds 
systematically 


1} OH 


CH; —CH— CH — CH: — CH; 
| 


CH; 

2) CH;— CH— CH; 
| 
OH 

2) CH; 


CH;— C — OH 
| 
CH; 

B- Write down the structural for- 
mulas for the compounds below: 

1) 2-metliyl1-2-hexanol 

2) 2,2-dimethyl-1-buranol 

4) 3-methyl-3-pentanol 


LECCE Imm 


7-3-1 Nomenclature of Alcohols 


Alcohols are named according to TUPAC system as follows: 

l- The longest chain which has the hydroxy! group is chosen, The carbon with 
the hydroxyl group is given the lowest number. 

1- Naming is done according to the number of carbons. The —o! suffix is added 
to the end of the corresponding alkane 

J- The number and place of the alkyl groups on the chain 15 mentioned. 


CH,OH CH, 
|^ | 
CH, - CH, - CH, -OH CH,-C - CH - CH- CH, 
l- ргоршло! | 
CH, 
2,2,4-trimethyl-3-pentanal 
CH, 
| 
CH, - CH -OH CI -CH, - CH,- CH, - OH 
2- propanal 3-chlora-1- propanol 


7-3-2 Synthesis of Alcohols 

Alcohols can be synthesized through many methods im industry and laborato- 
ries; Here we will explain one of the laboratory methods. 

Addition of Water to Alkenes 

Addition of water to alkenes is achieved via hot concentrated sulfuric acid used 
as a catalyst. А Пете reacts first to produce alkyl sulfonic acid (Markovnikov's 
rule}. This compound reacts with water and forms alcohol and sulfuric acid 


agam. OH 
HSO | 
CH,-CH-CH, + H-OH pe CH,-CH-CH, 
l-propene 2- propanol 


According to reaction mechanism; 


080,H 
CH,-CH -CH, + HOsOoH ——^——  cH,-cn-cu, 
l= pipe cuncenirated propylhydrosullate 
1, 9s0,H gn 
CH,—CH-CH, +*0-H CH,-CH- CH, + H50, 


2- propanol dilute 


Example 7-4 
What are the probable structural formulas for alcohols that have a molecular 
weight of 74 g/mal? 


Solution: Attention: 
General formula for alcohols (CH, |) 


OH group replaces OSOH in transi- 
CH, .O=(n х D+ [(2n-* 2) * 1] + (1 * 16) 


tion compound because OH is more 


g inst 
CH, ,O = I2n * 2n 2 + 16 = 74 g/mol basic and concentrated than OSO.H', 
[án 74- 1o med This method is used in preparation of 
alcohols in industry. 
Molecular formula is C.H, OQ 
CH, 
| Exercise 7-8 
CH, - CH, - CH, - CH, -0H CH,-CH - CH, - OH wi; h bable f tas 
“р Г ` i. PTE as пайї are the probable formulas for 
1- веба! 2-methyl-1- propanol alcohols with a molar mass of 88 g/ 
Primary alcohol Primary alcohol mol? 
OH OH 
| ; | 
CH, - CH, - CH -CH, CH,-C - CH, 
2- butanol | 
Secondary alcohol CH, Exercise 7-9 


2-methyl-2-prapanol Prepare the following compounds: 


Tertiary alcohol 11 2-butanol from |-butene 
21 ethanal from ethylene 


7-3-3 Properties of Alcohols 


l- Physical Properties 

Alcohols have got low molecular weights. They are colorless and poisonous and they have 
sharp odors. They have strong intermolecular bonds, Therefore, their boiling points are 
much higher than of corresponding alkanes (Figure 7-1). Besides, alcohols can form 
hydrogen bands between their molecules and with water molecules. Therefore, 


alcohols between (С Û, dissolve in water very well. 


Figure 7-1 
A а & 57 & 5 E É A) hydrogen bonds between alco: 
Hh == -H-0--H-0 H-0 | н-0 ie н-0 Tn en alco 
R к ë H 

\ 


Bi hydrogen bonds between water 
R R H (B and alcohol molecules 
CA) 


2- Chemical Properties 

Alcohols are compounds that tend to react. They react with polarized or ionic 

compounds. Some important reactions of alcohols are given below: 

A) Alcohols react with sodium or potassium metals pp produce Alkoxides and 
hydrogen gas. 


2CH,-CH,- ОН -2Na — —À 2СН, - CH, - CO Na +H, 1 
Ethanol Sodium ethoxide 


с=т ›— 


Bi They react with phosphorous triehloride (PCI) or phosphorous pen- 
tachionide (PCI) and form alkyl halides 


ruins 
CH,-CH,-OH + PCI, —— 3 CH,-CH,-Cl4 РОС, + HCI 
Fire Chioroethane 

» pyridine 
3CH,- OH + РСІ, a 3CH,- Cl + HPO, 


Methanol Chloromethane 


C) Reactions of Aleohols with (hydrogenhalide! Acids 
Alcohols react with acid halides (HX and form alkyl halides. 
OH CI 
| -— | 
| ; | ZnCl, 
CH,-CH-CH, + HCl—— —— CH,-CH-CH, +H,0 
2-propanol 2- chloropropane 


This reaction occurs fast with tertiary alcohols especially when concentrated 
hydrochloric acid is used. But with primary and secondary alcohols, it is quite 
slow. And the reaction rate also depends on the type of acid. 


HI > HBr > HCI 


Inthe reaction, solution of gine chloride in bydrochlorte acid is used. This mix- 
Attention: As alcohols cannot 


donate hydroxyl OU ion to the ture is called as Lucas" reagent. It is used to differentiate primary, secondary 
salution, they are not accepted as and tertiary alcohols. Tertiary alcohols readily react with this cation and form 
strong bases. 


alkyl halides which does nat dissolve in the solution. While secondary alcohols 
react with Lucas” reagent after 5 minutes, primary alcohols do no react with it 


at room temperature. 

Example 7-5 

Differentiate |-propanol, 2-propanol and 2-methyl-2-prepanol chemically. 
Solution: 

We can differentiate those compounds using dry ZnCl Lucas" reagent. 
In this process, it is mixed with 2-propanol (secondary alcohol) and 5 minutes 
later, a layer of. 2-chloropropane forms. While it reacts wilh 2-methyl-2-pra- 


panal (tertiary. alcohol) readily, |-propanol (primary alcohol) does not react 
with Lucas reagent al room temperature. 


| ZnCl, 
|) CH,- CH, - CH, -OH + HEI ——a М.Е 


| -prapanol 
CH, CH, 
| їн, | 
2)CH,- CH- OH + HC = CH,- CH-CI + H.O 
2-proparral 2- chloropropane 
CH, CH, 
| ZnCl. | 
3) CH,-C -08 + НО —— CH -C-Cl + HO 
| | 
CH, CH, 
2-methy|-2-propanol 2-chlore-2-methylpropane 


This way we can differentiate primary, secondary and tertiary alcohols using 
Lucas’ reagent. 


l- For primary alcohols to react with Lucas" reagent, high temperature is neces- 
sary and they do not react at room temperature. Therefore, no turbidity is visible 
in solution. 

2- |n secondary alcohols, turbidity appears 2-5 minutes later. 


3- Through reaction of tertiary alcohol with Lucas" reagent, slightly water solu- 
ble alkyl halide forms and it causes turbidity in solution. 


D) Synthesis of water from Alcohol 


Ethyl alcohol reacts with concentrated sulfuric acid at 170 ^C and ethylene 
forms. 


CH,-CH,-OH 7 CH=CH, +4,0 
E ПРГ 2 : - 
Ethanol Ethylene 


Mechanism: 
The mechanism of the reaction above follows the following steps: 


[= Addition of proton to alcohol molecule: 


am N 5 
CH,-CH,-0-H + H CH,-CH,—0—H 


H 


2- The cleavage of water molecule from the compound above and formation of 
more stable carbonium ton: 


E 


a @ 
CH,-CH,-0-H ———— CH,-CH, + H,O 


H carbomium ion 


Exercise 7-10 

Shea ss aider molecule is rene 
trom. z-habanol. wv Z-butene i 
fond малі of 1-ти 


Exercise 7-11 

Write Lo cosadatdion toad lo af tal- 
lak irk zom puri. 

1) 1- butanol 

2) 1- tutan nl 

3) 2. mere] А prapincl 


Exercise 7-12 


AT agane cempeund та hich has 4 


carbon abems responses wilh Lucas 


терет. As ; zesull of ox idal, 
а kalone command horns Write 
dyed the FETS едили орус 
ihe перап compri, 


« »0 > 


3- The zleavage af proton Trom earheniam ina and mamatinn nr Яла hind 
and cain: 


H H H H 
| | А 
H C-Cs H-C=C-H + HË 
E | 
[e^ II 


Avrunling ro луле = rule, The posit e ian cH "withdrawn fram the 
carrier vago atem the smallesz number of hydrogen aram that ac jacent 
таз the caben atom from which the negate ion WOE » ja withdrawn, 


E) Oxidation 


The sziraciuze o£ productis w mieh term when alkohols are oxidized depends on 
the yare uf alcehel and reaction conditiens Substances widely used in axida- 
Don reaching ore ROT OL 711,80, or Bebe 510, mixtures. This тейит is 
a method aged do differemniare alcohols 


Primary alcohuls (17) exillize first pa aldehydes tiga ta caries lir acids. 


IF o 
[ci І ДЇ І 
ССС ——e R-C- l — R- E-H] 


Frur aes а Ши А Alis de агт iv d 


ГЪ i} 
Етан | г | 
CT CIECHT Er ma CH. C I[— —e CIT. C CHI 
Ela aid ш Eral Gila wnt rd 


Secondary alcohols (27) oxidize o kelin es, 


CH 4) 
| кала | 
CH -CH-CH, = Meo. 
LY 
M pepanl | ` arp AA | 


ELIT a cel 


Tertiary alcohnals (37) dn not oxidize a+ the carton atom which carries ihe 
OH group docs nni hare anw hidrogen aban. 


n 
+] if EH, QE M.R UNE means ru геш! hon.) 
CH, 
Элла I" qpropacel 
"Tera y alba 


Organic Chemis 


7-4 ETHERS 


Ethers are shew nas R^ ER AT uh Ces hasc 2 шч] йити ак £C ГЇ, AH 

that is similar re that ot alcotals, gher; haee rwo alkyl шыра and an oss gen 
atar. Hf alkyl groups ane the same (HRT, rev are called iz svmamcetric thers, Lf 
alkyl groups ace different (EE), they апа called ws ^zymmutric ethers. | Ec func- 
tons gzuup at ether is Се 


> Ганина] group 
ап петь is 
C-O- 


symmetric ether ÁA3vmmet:ic ether 
UH, «OG Ce, ee LUIT, 
Bellus methane Mibi ethane 


7-4-1 Nomenclature of Ethers 


Filiers 43b uxs akar аа nare cendi wi DIEI PA sse ns dre n iı he 
Пол, steps: 


l- From alks] aronps which are Bonded re ess gen amem, ane wath che langer 
cham 15 chosen and зорі 25 tio mam ehan. 


2- Main chain is zumibezed starting fram the closest curben lo exyveen wih the 
Vcr vest purneer. 


3. The y sis ps added pua пата of The mann «han 


de the alka | гёк arê Writer vehi leer lantes and place merit vere. 


To Cam Aeg Ти: атн eof erry sS ERE | Saris [los : Exercise 7-13 


1) Мика CH O- AQ Write down za srenatie nares ^nr 
2)Ethoxs CFL {не Fb nie vurn pounds 
3) Prapuss FLT, САА Do CIL 0 — CIE 
4) TZ - propres ERE T} ÜH: 
| 
CH,- CHO- 


Example 7-6 

While dawa 4 EET names for the. Fullowe mpg eun penal: CIE. 

Solution: Hj Weide down struzlural reriilas 
Ü ett. nct fo the fallow ing compounds 

1) 2 2-5 deeem hess he aaa 

2) 2-chlaru-?-metliylprusuxvpen- 

tane 


ЕЕ XH. - ССИ, сн. - (CII- "ET -C I1,‏ ا 


заза M Y лүш гк Гыл s pripne cetur une 


« » > 


Exercise 7-14 

IF Write the synthesis reaction of 
ethoxybutane fram ethanol. 

2) Write the produce of ihe following 
reaction. 

CH,CH,CH -Br + CH,-ONa 


Bromoprepane Sodium methoxide 


Note: 

Through reaction of ethers with 
охуреп in air, epoxides are formed, 
While distillation ethers, peroxides 
accumulate somewhere and at the 
end of the process, this causes 
explosions with elevated tem- 
peratures. Therefore, Ethers must 
not be distilled to the point of 
dehydration (dryness), 


Chapte 


7-4-2 Synthesis of Ethers 
Ethers can be synthesized through many methods in industry and laboratories. 
We will explain one of the laboratory methods here. 
Williamson Мег 
Ethers are prepared by the method which took the name of the scientist Wil- 
liamaon. In this method, sodium alkoxide forms from mixing of sodium met- 
al witha suitable aleohel, 
ROH + Na a RONa + 1/2H, 
sodiumalkoxide ` 
Then alkyl halide and sedium alkoxide reacts and target ether is obtained, 
R-ONa + R-X ——» R-O-R'- Мх 
Sodium alkoxide alkyl halide eder 


In order to synthesize methoxyethane and ethoxyethane, sodium reacts with 
methanol and ethanol. Formed sodium methoxide and sodium ethoxide react 
with bromoethane and following ethers are produced: 

CH-ONa + CH,-Br ——» CH-O-C\H,+NaBr 


Sodium methoxide — bromocthane methoxyethane 


C.H,-ONa + C.H,-Br > С,Н,-0- СН, + NaBr 
Sodium ethoxide — bremoethane ethoxyethane 
In these reactions, always primary alcohols are used. Secondary and tertiary 


alcohols cause formation of unwanted compounds, 
7-4-3 Properties of Ethers 


| -Physical Properties 

Methoxymethane and methoxyethane nre in gas form al room temperature. 
Most of the other ethers are volutile liquids Ignition and boiling points are 
too low, Therefore, they vaporize readily at room temperature . They are 
colorless and they have pleasant odors. As they don't have hydrogen bonds 
between their molecules, they have lower boiling points than alcohols. Ethers 
do not dissolve in water as they cannot form hydrogen bonds with water. Bul 
those with small alkyl groups dissolve partially in water, 


К. К. | А К. А R.. ' R, a 
CH, CH, о 0 piu "i 
p^ g^ R R Н + Y 
Ана Ethers Aleabals 


They da mri hove penn 


They bme Шуйпдей Dauid 
ial beter heir mekxules 


They do aar have bred bosil 
herve diei тшше Tlies 


[кееде eur песие They lave 


eves hesiling pix They hire low best poiats kawe high bedding pomis 
K 
bc 
CH A, к A Rg EA 
KO KH онн 0-H H 
R H^ 


Etlars рогу soluble Аса а soluble 12 nier 


m year 


Alkanes -1nsaluh le am waar 


2- Chemical Properties 

Ethers are stable compounds, thus they don’t react with bases and active met- 
als, they don't undergo oxidation reactions. Ethers can only undergo following 
reactions: 


A- They form alcohols when they are heated with dilute sulfuric acid. 


1,50, 
CH.CH,-O-CH,CH, + H,O = 2CH,CH.OH 
Ethoxyethane ` Ethanol 


Hut when they react with concentrated sulfuric acid or HCl, ethers donate a pair 
af electrans ro hydrogen ion and form oxonium salts which can dissolve in acid- 
1с solutions. Ethers can be obtained again when oxonium salts are mixed with 
water. This reaction is used to differentiate alkanes and ethers as alkanes don’t 
react with concentrated acids. For example: 


H 
| 
,- CH,-0—CH,- CH, | нѕ0, 


B 
cxeomium salt nf ethoxvethane 


н ki 
CH;-CH,-Ü-CH,-CH, -H,80, 2. 
Ethexy ethane 
В- Reaction with PCI, 

Ethers react with phosphorus pentachloride and form alkyl chloride. 
R-O-R' + PCI, —. qp Bc POCI, 


CH,CH-O-CH,CH, + PCI, —*> 
Ethoxyethane 


2C Н.С H.-Cl + POC L, 
Eihyl chloride 


T-SALDEHYDES AND KETONES 

Aldehydes and ketones have the same functional group. Its name is carbonyl 
group. This group is formed by oxygen atom attached with a double bond to 
carbon atom. Compounds which include this E functional group are called 
as carbonyl compounds. Their general formula is CH, ©. In aldehydes, the car- 
bon of carbonyl is bonded to a hydrogen and an alkyl group, whereas in ketones, 
carbon of carbonyl group is bonded to the same or different two alkyl groups. 


O O 
| | 
R-C-R' 


General formula of ketones 


R-C-H 


General formula of aldehydes 


Exercise 7-15 

How can you differentiate 
methoxymethane and ethane’? 
Tip: Consider the reaction of 
ethers with water in presence of 
concentrated sulfuric acid. 


Do you know that 


The substance which is used in ашар 
sy and to preserve bodies is the sim- 
plesi form of aldehydes that is fomm- 
aldehyde’! 


Do vou know that 

The organic compound used to re- 
move nail polish ix the simplest form 
of ketones that is acetone (propa- 
nomet? 


Exercise 7-16 


l- Write down systematic names 
for the following compounds: 
ii} C 


CHa- CH- CH:-C-H 
| 
Cl 
hj (CH; 
| 


CHi—C—CH — CH; 
2- Write down formulas for the 
following compounds, 


a) 3-methylbutanal 
hi 2-hexanone 


7-5-1 Nomenclature of Aldehydes and Ketones 
Aldehydes and ketones are named according to IUPAC nomenclature system as 
in the following steps: 


A) Nomenclature of Aldehydes 

l- The longest carbon chain is chosen. The carbon atom of carbonyl group 1% 
numbered with 1. 

l- =a) suffix is added to the end of the name of the corresponding alkane. 

3- Alkyl groups are mentioned with their numbers. 

As numbering starts from the side of carbonyl group, the number of carbonyl 
group doesn't need to be mentioned. For example: 


a o Ci oO i 
| ll | | ll 
CH; -C-H H-C-H СН = СНС Н CH- СН, = C-H 
Ethanal Methanal 2-chloropropanal Propanal 


B) Nomenclature of Ketones 
Apply the steps in nomenclature of aldehydes. 
l- choose the longest carbon chain and start numbering from the closest 
carbon to the carbonyl group. 
2. add -one suffix to the end of the corresponding alkane, 
1- [f there is branching, alkyl groups are mentioned with thei numbers. 
ü o CH, O 
| | [4 
CH; -CH:-C- CH:- СНз CHi-CH:-C-CH;. CHi- CH - C- CHi 
3-pentanone 2-hutanone 3-4methy]-2-buranone 


7-5-2 Preparation of Aldehydes and Ketones 
Aldehydes and ketones are synthesized through many methods in industry and 
laboratories. Here, we will explain one of the laboratory methods. 


Oxidation of Alcohols 

Aldehydes and ketones are prepared by oxidation of primary (151 and secondary 
(2°) alechals with acidic solution of potassium dichromate (K Cr O, ) or potas- 
sium permanganate (KMn(, ). m 

Primary alcohols form aldehydes as shown in the following equation. 


г, H 
E Cra; | 
R—L—40—H — RK—C-0-- HO 
| 19] | 


H 
Primare abeo Alchvde 


о 
CH,CH,OH ur CH,-C-H+H,0 


[їзєт Eihanal 


The aldehyde remaining in the reaction mixture above is readily oxidized and it 
forms carboxylic acid. 


Therefore, oxidation reaction must be controlled. 


" o o 
| 7-0 | келт | 
R—C—t1—_H “or R—C—H s» R—C—O—H 


H 


Primary alcohol Aldehyde Carboxylic acid 


Ketones are prepared through oxidation of secondary (2") alcohols, 
і Е 


т пи 


E OH ———ҥ= R—C=0 
| ШИ 


8 
Sepbandary abcabal Кейшп 
For example; 


qt ) 
BM. E 21 
CH,-CH-CH, Tore CH,-C-CH, 
2-propamol Propane 
Tertiary alcohols cannot be oxidized, 
Example7-7 
Write down oxidation products of the following compounds. 


1) l-propanol 
3) 2-pentanal 


Solution: 


11 
кт. f gm ? 


Attention 

when placing chemical reagents 
ta conduct chemical reactions 
above the arrow in the chemical 
equation, this means that the 


equation can be written regardless 


of the balance. 


Do you know that 

Some aldehydes and ketones are ob- 
tained from plants. 

Benzaldchyde is obtained from al- 
mats al sor ketones nne obtained 


from cinnamon. 


CH,-CH,-CH-OH > CH,-CH,-C-H 4 HO ——» CH,-CH,-C-0-H 


J -propa propunil 


n 
^ oH 0 

' кгга А | 
CH, - CH, - CH,- CH -CH, e CH, - CH, - CH, C- CH, 


a 
2-pentanicel iu 2-pentimone 


propaneic acil 


Exercise 7-17 

Prepare Lhe following compounds. 
using suitable alcohols, 

| j ethanal 

2) 2-butanone 


7-5-3 Properties of Aldehydes and Ketones 
l- Physical Properties 


f Lm 
FT "T АП aldehydes and ketones are in liquid form at room temperature except matha- 
^ io Per з nal (formaldehyde, in gas form). 
"i Although ketones have pleasant odors, aldehydes have unplaeasant odors. 
M uo Densities of ketones are lower than that of water, Owing to the polar property 
2 of carhonyl group, these compounds are accepted as polarized. They can dis- 
i solve in water amd organic solvents like ether. Boiling points of aldehydes and 
be ketones are higher than those of alkanes, but lower than alcohols which have 
the same molecular weight with them. For example: 
һ— b "n h o 
A. j 
e de CH, - CH, H-C-H CH, - OH 
d Ethane Formaldehyde Methyl alcohol 
Aldehydes can dissolve in water М- 30, bp - -89 °C М- 30, bp - -21 "C М- 32, bp = 64.5 °C 
because of hydrogen ion in their 
molecules, which form hydrogen CH, 0 OH 
е | 
bonds with wats: CH, - CH- CH, CH, - Č- CH, CH, - CH- CH, 
Isobutane Acetone Isopropyl alcohol 
M- 58, bp - -12 °C M- 58, bp = 56°C M- 60, bp = 82.5 °C 


(M = molecular weight and b.p = boiling point) 
2- Chemical Properties 


The carbonyl group in aldehydes and ketones has high ionization property as 


shown below: 
(x NE c Ne E 
C =0 £ O £ =0 


Carbon in the carbonyl group is positive charged, as nucleophile approaches it, 
electrophile approaches to negative charged oxygen. 


curbon react with oxygen react with 


nucleophil electrophile 
wB aa ud 
С=О 
ra БИ: 


Aldehydes and ketones can undergo two-step nucleophilie reactions, These are: 


А) Ist step: Nucleophile (Nu: approaches carbon of carbonyl group and 
forms a new bond. This bond breaks double bond between oxygen and carbon 
and pushes a pair of electrons to oxygen atem. 


е. таа 


Ми: + С=О: _C—O: 
Hig Е 2: 
5 5 
В) 2nd step: approach of an electrophile such as Н” ion: 
Nu Nu 
L| Ж "еш 4 м ü è 
C=O: + H D: —O—H 


Reactions of Aldehydes and Ketones: 


а} Reduction with hydrogen 
Aldehydes are reduced to primary alcohols and ketones are reduced 10 secund- 
ary alcohols when they react with H, with Ni and Pt as catalysts. 


L} 
we i a Mi | 
CH;-C-H+ H— CH= CH:-0H 
Ethanal Ethanol 
Ü OH 
Ё Ki | 
CHi- C- CH; + Н, ——- CH - CH -CH; 
Propanone Z-propamncl 


(Red means redaction 


hi Reduction tà Alkanes 

Aldehydes and ketones are reduced to alkanes via Clemmensen reduction 
method. In this method, solution of zine and mercury in hydrochloric acid is 
used as catalyst. 


o 
| _. ZniHg 
R-C-R' ——» R-CH:-R 
ис 
o 
: туна 
CH; - C - С-Н; LR CH; - CHs- CH; 
Z-hutanone butane 
o 
! Жай 
R-C-H e R-CHs 
O 
і Zate 
CHi-C-H Ss C-C 
Ethanal Ethane 


Exercise 7-18 
Complete following equations: 
ah Û 
ll [Red] 
С-Н - C СН — 
Hom 


Exercise 7-19 
l- Prepare propane from propanal. 


2- Write down the reaction of 
propanal with hydrazine. 


Do you know that 

The accumulation of silver on test 
tube as a result of the reaction of 
aldehydes with Tollens” Reagent 
enabled chemists to produce many 
types of mirrors . 


Chapter - 7 


c) Reaction with Hydrazine 
Aldehydes and ketones react with hydrazine (H,N-NH.) and produce 
hydraxone which is known as Schill base. 


H 
| ata 
CH,—C-0 i H.N-NH, КЕ: 198 CH,—C-N-NH, + HLO 
Hydrazine Acctaklehyde hydrazone 
vH, Tu 
CH,—C 7 O + H,N-NH, Кг 8 CH —C=N-NH, + HO 
Acetone ` Hydravine acetone hydrazane 


This reaction is used to examine the presence of carhonyl group in aldehydes 
and ketones. Hydrazene (orange or yellow color) shows the presence of the 
carbonyl group. 


d) Oxidation 

Presence of hydrogen bonded to carbonyl group in aldehydes causes some re- 
actions different from those of ketones. The most important reactions of alde- 
hydes and ketones ore oxidation reactions. 

Aldehydes are oxidized into carboxylic acids by the help of some oxidizing 
agenis. But in ketones, this does not occur. We can differentiate aldehydes and 
ketones using following reactions: 


1-Tollens’ Reagent 

In order tà differentiate aldehydes, silver ammonium hydroxide is used. [n this 
reaction, silver ion is reduced in solution and silver metal covers the tubes sur- 
face as mirror showing the presence of aldehyde. This reaction is shown below: 


o ü 


[ i 
R-C-H-t ZABg(MH:ipOH + ЕС: СМНН + ДАр + HOF SNH: 
yikes habe aiher unmimum hrüenxide a nf санъ агы 


Sibver mime 


Tollens Reagent R-C-R + ZAg(NH;);0H — N.R. 


e) Reaction with Fehling s Solution 

Fehling's solution is a solution of copper sulfate (I) salt. It’s basic and dark blue. 
it contains negative raots such as citrate and tartrate to prevent the formation 
of a copper hydroxide precipitate because it always forms stable complexes, 

Ir is used in oxidation of aldehydes. In this reaction, copper (I1) ions transforms 


inte red copper (1) oxide. This red copper (1) oxide precipitate shows presence | 
af aldehyde in mixture. As shown below, ketones do not react with this reagent, - — a — 
Fehling's Solution 
o o 
| | 
R-C-H-2Cw" + SOH —R-C-O + CuO] + 3H:O Exercise 7-20 
alie de ài a cimelex a How can you differentiate 
D — propanal and ргорапопе comt- 
і " ; 
EN E EO pounds using the following 
R-C-R r2Cu 50H MR tically? 
katone in n complex 
7-6 CARBOXYLIC ACIDS ERE 
The functional group of all carboxylic acids is carboxyl group -COOH } or Se ee 
0 
( - C- ОН). This group consists of hydroxyl and carbonyl groups. 
o 


The structural formula of carboxylic acids is E - C - ОН. (К) represents alkyl 
group or hydrogen atom. Their general formula is (C.H „© 


7-6-1 Nomenclature of Carboxylic Acids 

Carboxylic acids are named according to IUPAC system os shown in the fol- 
lowing steps: 

|- The longest carbon chain that includes carboxyl group is chosen and num- 
bered. Carboxy] group is given number 1. 

2- Branched groups are written in alphabetical order and with their numbers 
mentioned, 


Ethnic acid 


(vinegar) 
3- The word "acid" is added, 
4- The name of the alkane which corresponds to the longest carbon chain is 
written and suffix (-vic} is added in the end. Exercise 7-21 
11 Write the name of the following 
Br comperi, 
| Cl O 
CH COOH HCOOH CH,- "CH - СООН | ! 
Eibaneic acid Wethannic acid 1-beomaprapancic acid CH:-CH;-C- C- OH 
CH: 
CH, CH, 21 White the structure formula of 


cH JCH (SHOCH ЛЕН Án the following compounds. 
CHLCH-UH-CH-CH-COOH a) 2- methyIbutanoic acid 


3,4-dimethy lhexanaic acid kj 3-chloropropanoic асва 


citric acid 77 


Lemons contain cine acid 
which is a carboxylic acid. 


Exercise 7-22 


Prepare propanoic acid from 


the following: 
1) ethyl bromide 


2) propanal 
5 
O 
" lt 5 
g H* 


Hydrogen bond 


7-6-2 Preparation of Carboxylic Acids 

Carboxylic acids are prepared through many methods. As we have mentioned 
before, they are prepared by oxidation of primary (1°) alcohols or aldehydes. 
We will explain preparation of carboxylic acids using Grignard reagent. bn this 
reaction, firstly, alkyl halide is used then CO... As shown below, in order to pre- 
pare wanted carboxylic acid, hydrolysis (reaction with water] in acidic medium 
is realized. 


dry ether 


R-X *Mg —+RMpX 
Grignard reagent 


a o 
; HOW | ^ 
RMgX + CO, => R-C-O-MgX e R-C-O-H 
intermediate compound carboxylic acid 
0 о 
"m HOH ! 
CH,MgBr- CO, — СН,- С -0- МЕВг — CH,-C-O-H 
Methyl bromide magnesium ethanoic acid 


The carboxylic acid prepared through this method has one extra carbon than 
the alkyl group of Grignard reagent . 


7-6-3-General Properties of Carboxylic Acids 


| -Physical Properties: 

The carboxylic acids with low molecular mass (lower than C.) are liquids 
with pungent and unpleasant odors. As their molecular mass increase, their 
boiling реті alsa go up and the boiling points are higher than those of alco- 
hols with the same number of carbons. The resson is that carbonyl and hydrox- 
yl group in acid molecule ionize at a high rate and hydrolysis occurs (more than 
alcohols) between acid molecules. forming hydrogen bonds, 


к— С C—R 


Carboxylic acids with low molecular mass are highly-soluble in water. As 
their molecular mass increase, their solubilities decrease. 


2-Chemical Properties: 

Al Acidity af Carboxylic Acids 

Carboxylic acids assume acid property by carboxyl group's donation of proton. 
Therefore, they react with bases readily and form water and salt. 


(2 a 

| [ 
R- C- 0-H - NaOH >» R-C-O Na+ HO 
Carboxylic acid Salt of Curboxylic acid 


A) Reactions of carboxylic acid with carbonates and biearbonates Exercise 7-23 

When carboxylic acids react with carbonates and bicarbonates, CO, gas is Write down the reaction 
formed. This reaction is one of the important reactions to differentiate carbonyl — equation of acetic acid 
group in carboxylic acids. with sodium bicarbonate, 
"OM (NaHCO). 

RCOOH + NaHCO, ——» RCOONa+CO,) € HO 


C ) Reaction of carboxylic acid with alcohols esterification reaction] 
Carboxylic acids react with alcohols along with HCl or H,SO, catalysts and 
form esters. This reaction is reversible as seen below and cal led. as esterifica- 
tion. 

a a 

IH. 

R= Û ا‎ H +н- Oo == B-C-O-R^ НО 
C "urboxylic ‘acid Ester 


o 0 


CH, C-D-H*H-OCH, == CH; C- 0- CH, + HO 
Acetic acid Ethanol Ethyl ethanoate 


D) Reduction of Carboxylic Acids 
Carboxylic acids are reduced by reducing agents such as lithium aluminum hy- 
dride (LiAIH,) and form primary alcohols. But they cannot be reduced with 


H,/Ni. 
0 
I 
CH-C-DH <> CH, CHOH 
Acetic acid Ethan Do vou know thal 


Aspirin which has been used as 
Example 7-8 | 5 | pain killer anticoagulant for 
Prepare propanoic acid starting from ethanal. patients with heart disease, 
o О is one of the most importent 


| | д n 
CH, C-H сн, Сн, C-OH idea that contain carboxylic 


Solution: 
The equations of the reactions are as follows: 
D 
POL 
R-CH-MgX-—-» R-CH-COOMgX Êy R-CH-COOH + MgX, 
|. step 
o 


| T 
CH,-C-H +H, ——e CH,- CH.-OH 
Ethanal Ethanol 


Exercise 7-24 2 step 
Prepare butanoic acid starting from 3CH,- CH.-OH + PCI,—+* 3CH,- CH,-Cl + APO, 
propanal. Ethanol Ethyl chloride 
3. step TUN 
CH, CECI + Mg ^ CH, CH,-Mgcl 
Exercise 7-25 Ethyl chloride Grignard reagent 
Prepare butanoic acid starting from 4. step 
1-butanol. CH CH,-MgCl + CO, ——» CH- CH,-COOMgCI 
Intermediate compound 
5. step 
CH,- CH.-COOMgCI + НСІ ——» CH,- CH,-COOH + MgCl. 
Propanoic acid 
Example 7-9 


Prepare propanoic acid starting from ethyl chloride. 


Solution: 
In this method, a carboxylic acid is obtained with one more extra carbon than 
the number of carbons of the starting alkyl. 
dre eiher 
CH,- CHUN + Mg ——» СН,- CH,-MgCl 
Ethyl chloride Grignard reagent 


CH; CH,.MgCl + CO,—» CH,-CH,COOMgC! 
Intermediate compound 


CH, CH,-COOMgCI + HCl ——» CH,- CH, COOH + МЕСІ, 
Propanoic acid 


(Vitamin C j, which is known as ascorbic acid is a carboxylic acid which rs 
found in citrus fruits most. [t has an important place in our lives, Vitamin C 
helps improving defense of body by strengthening immune system. It is given 
as pills to patients. 


7-7 ESTERS 
Vitamin C is found in many Esters have got the same functional group with carboxylic acids. They bath 


fruits. have 1 molecule, The structural formula of esters is 1 
(gez юше, 1964 i 'R-C-0-K 


and general formula is С. Н.О, Here R =R or КУК. 
Besides, Е can never be a hydrogen atom iê in carboxylic acids. 


b db 


| | 
H4C—CH; —CH;—C—0O—CH; H4yC—CH;—C —O—CH3CH,; 
Methyl butarnoate Ethyl propirnaate 


T-T-] Nomenclature of Esters Do you know that 


о | "—-— Esters which are found in fruits 
Aseslers g-c-o-x are made iss of two groups, one is from carboxylic acid and vegetables have pleasant odors 
and the other is from alcohol gi og . 80 they аге named after they are di- a5 ерау bua А 
vided into two groups as follows: kids" foods pe 


|- The first name of ester belongs to the alkyl group bonded to the oxygen atom 
in alcohol group. 
2- The remaining name is written by adding -eate suffix to the alkane part of 


the carboxylic acid. į 
i Exercise 7-26 


ce o o l- Write down systematic. names 
| | z 
ICH, -*CH -'C -O-- CH, 'CH,- C -0- CH, af the following compounds. 
Ethyl 2-chloropropanoate Methyl ethanoate А) о 


|! 
CHi- CH- C - O- CH; 


-1-2-Pr i Г Ester 
7-7-2-Ргерагапоп of Esters | 


Esters can be synthesized through many methods such as the reaction of alco- CH: 
hols and carboxylic, Besides from the reaction of carboxylic acid chloride with Bi Су 
alcohol in the presence of pyridine used to remove the НСІ acid that produce, il 
esters are prepared. H-C- O- CH; 

oO o 

Ln T. raie И _ Р 2. Write down structural farmula 
R-C Cr+ H- OR. e R-C-O-K' + HCl for the following тарош. 

ü o Propyl 2.3-dimethylhexanaate 

CH-C-Cl + CHOH 2. CH.C-O-CH, -HCI 
Acetyl chloride Methanol Methyl ethanoate 


7-7-3 General Properties 

l- Physical Properties of Esters 

Esters can ionize. |t shows apolar characteristic in its molecules, but its effect 
on the molecule decreases with the Increase of non-polar hydrocarbon part - 


E 
They don't form hydrogen bonds between their molecules. O 
Therefore, their bolling points are lower than those of carboxylic acids with the 


same number of carbons. Masi esters don't dissolve in water but dissolve in " [lt à 
many organic solvents, Besides, these substances are used as good solvents for R — C = О коо 
many organic compounds. g ^ R h 


2- Chemical Properties of Esters 

Esters undergo following reactions. 

a) Reaction of Esters with Water in Acidic Medium 

This reaction is the opposite of esterification reaction which is synthesis of 
esters from alcohols and carboxylic acids. Here HS0, and HCl are used as 
catalysts. Esters react with water and form carboxylic acids and alcohols. 


o a 
1 н | 
R-C-O-R' *HjO == R-C-OH + RK «OH 
Ester Carboxylic acid Асын 
a o 
Í kl | 
CH, -C-O0-CH,CH + HO == CH U- OH + CH, CH, -OH 
Fihyl eihamoabe - 2 Fihannie acid Ethanol 


Apples and beeswax contains esters, 


Exercise 7-27 
|- Prepare ethyl methanoate starting 
from methanol. 


2- Prepare methyl propanoate starting, 
from ethanol. 


3- Prepare ethyl ethanoate starting 
from acetyl chloride. 


Exercise 7-28 

Write down the reactions of ethyl 
methanoate with water in acidic and 
basic medium. 


ammonia 


iapter - 7 


hì Reaction of Esters with Water in Basie Medium 

Esters react with water molecules in basic medium such as NaOH. At the end 
of the reaction, sodium salt of carboxylic acid and alcohol are formed. This 
reaction is very important as itis used in soap production. Therefore, it is also 
known as saponification reaction. Besides, it is used to differentiate esters as 
shown in the following reaction: 


g o 
| à L 2a 
CH,-C-O- CH,CH, * NaOH I. CH,- C - O Na + CH, CH, - OH 
Ethyl ethanoate Sodium cthanoate Ethanol 
7-8 AMINES 


Amines are compounds which are formed by substitution of hydrogen atoms 
in ammonia NH, by one or more alkyl groups. Therefore, amines are named 
according to the number of alkyl groups they contain. Han alkyl group replaces 
one hydrogen of ammonia, it is called as a primary amine RNH, ; if two alkyl 
groups replace two hydrogen atoms, it is called as a secondary amine R,NH ; if 
three alkyl groups replace three hydrogen atoms, it is called as a tertiary amine 
КМ. For example: 


H К K 
| | | 
R— N—H R— N—H R— N—R" 
Primary amine Secondary amine Tertiary amine 
(1°) (2%) (3°) 
н CH, CH, 
| 
CH,-N-H  CH,-N-H CH,-N-CH, 
methyl amine dimethyl amine trimethyl amine 
H H а 

R—N—H M—N—H NH 


(1')primary amine — (secondary amine (3° , tertiary amine 


methyl amine dimethyl amine trimethyl amine 


7-8-1-Momenclature of Amines 


а) Special (Common) Nomenclature 
l- Ini this method, firstly, the alkyl group bonded to nitrogen atom is written 
then the word amine. 


For example: 


CH, - NH, CH, CH,- NH, CH,CH,CH, - NH, 
Methyl aminz Ethyl amine n-propyl amine 


2- [Frere are two or three alkyl groups bonded to nitrogen atom, di- or tri- pre- 
fixes are added to the word amine, 


CH, CH, 
CH5-N-H CH:-N - СН. 
dimethyl amine trimethyl] amine 


3- IF the alkyl groups are different, they are written in alphabetical order. 


H CH, 
CH: - N- CH: -CHy CH; - СН:- N - CH (CHa), 
ethyl methyl amine ety] isopropyl methyl amine 


h) Amines are named according to IUPAC system as in the 
following steps: 


l- The longest carbon chain which carries the amine (-NH.) group is chosen 
and numbered. Amine group acts as the functional group. 


2- Previous rules are valid in naming amines, 


CH, NH, NH, CH, 
CHi-C-CH3 CH= CH - COOH CH= CHi- CH -CH:- CH -CH3 
NH: 2-aminopropaneic acid 3-amina-5-methy hexane 


z-aminas Z«methy [propane 


7-8-2 Preparation of Amines 
There aré many methods to prepare amines. We wall explain only two of them 
here, 


l- Reaction of Ammonia and Alkyl Halide 

Using ammonia, we can prepare the three types of amines, 

For this, as in the example below, alcoholic ammonia solution and alkyl halide 
are mixed in asealed test tube. 


- Май! 


CH,I* NH, ——» CI [,-NH; | ——» CH NH, + Nal +H,O 
Мешеу indice (Lo methyl amine 


This is not a successful laboratory method as a mixture of primary, secondary 
and tertiary amines which are difficult ta separate are prepared. We only prepare 
primary amines with this method. 


Amines cause odor of rollen fish. 


EL Ill] 


Exercise 7-29 2- Ammonia-Alcohol Reactions 
Prepare ethyl amine using suitable Primary amines are prepared when ammonia and alcohol vapor passage over 
alkyl halides. aluminum oxide as (catalyst) at 400°C. In this reaction, just like the reaction above, 


а mixture of primary, secondary and tertiary amines is obtained. But when a great 
amount of ammonia is used, we get mainly primary amine. 


CH OH THNH, == CH NH, FHO 
Methanol ummonin "77 Г methyl amine 


Ss. " 7-2-3-General Properties 
v H a H-—N: ma ‘ d EL. 
> H t — B l- Physical Properties 
1 Molecular mass of amines are small and their odors are like ammonia's, They 
arein gas and liquid form at room temperature. These compounds form hydrogen 
<= T “a bonds due to their ionization property. Therefore, their boiling points are high- 
. н hi H—N: H-—N: er than these of compounds which cannot ionize, Figure 7-2 
1 i | à к Amines can dissolve in water ав they can form hydrogen bonds with water 
Hi tired molecules. Besides, thev can dissolve in organic solvents such as benzene and 
ether. 
Figure 7-2 


a- Hydrogen bonds between water 


dedos RE Amines аге considered as bases because nitrogen atom has a pair of 
T d decl М itg: xe electrons which can make bond with protons or Lewis acids. This indicates 
i its ability to react with acids such as HCl as below : 


2- Chemical Properties 


Exercise 7-30 
Prepare propyl amine using suitable 
alcohol. 


R- NH,+ HC] —s. R-NH, Er 
amire amine salt 


This salt can be transformed into amine again when ît reacts with a strong base. 
HAI 
R-NH, СГ ——» R-NH, + NaCl +H,0 


zd Besides, amines Form compounds known as amides when they react with acid 
R—N-—H chlorides. 


R o H OH 
aes — | 
CH, CaCl + H-N-CH, x CH, C-N-CH,* HCl 


Amine is a base. - E 1 
Acetyl chloride beth] anime М-ст Бастатан 


BASIC CONCEPTS 


Organic Chemistry: It is one of the branches of chemistry. Along with other elements, it studies compounds which 
have carbon as main element, 

Hydrocarbons: They are ihe simplest organic compounds which contain only carbon and hydrogen. IF carbon atoms 
form single bonds, they form alkanes which are saturated hydrocarbons: if there is a double bond between carbons, they 
form alkenes: if there is a triple bond, they Form alkynes. Both alkenes and alkynes are unsaturated hydrocarbons. Ben- 
gene and derivatives are cyclic, unsaturated hydrocarbons, They are called as aromatic hydrocarbons, 

Isomers: They are organic compounds which have the same general formulas but different structural formulas, physical 
and chemical properties. 

Functional Group: Thev are atoms or atom groups which are bonded to the carbon atom that differentiate organic 
compounds and give them different physical and chemical properties. 

Alkyl halides: organic compounds in which the alkyl groupt R-) is related to a halogen atom (-X) and is 
considered aderivative of the alkanes, where ahydrogen atom replaces a halogen atom, its general formula R-X , 
its general aw СН, X, and the functional group in it C-A. 

Markovnikov's Rule: When we add unsymmetrical double-ton carrying compounds to double bonded compounds 
which have unsymmetrical alkyl groups, positive ion (hydrogen ion) attaches to the carbon atom with more hydrogen 
atoms and carbonium ion is formed. Negative ion is attached to the carbon atom with bess hydrogen atoms. 
Electrophile Reagent: These are electron-loving atoms, molecules or ions which can accept a pair of electrons due 
to their empty orbitals. Lewis bases as NO, X", R^ , and Lewis acids as carbonyl group and aluminum chloride AICI, 
are examples. 

Nucleophile Reagent: These are nucleus-loving atoms, molecules or ions which can donate a pair of electrons as they 
have extra electrons. Lewis bases as OH, X^, and H, carbonium ion, R^, double or triple ions and ammonia are examples. 
Alcohols; They are organic compounds which have hydroxyl group attached to a saturated carbon atom. Their structur- 
al formula is R-OH, and their general formula is C_H, Os their functional group is С-ОН, 

Ethers: They are organic compounds which have oxygen atom bonded to two alkyl groups, Their structural formula is 
K-O-R, their general formula is C H D, and their functional group is C-O-C. 0 


Aldehydes: They are organic compounds which have hydrogen on ane side of the carbonyl group — C- and hy- 
drogen or Alkyl group on the other side. Their structural formula і= р _ C -p + general formula is CHO and their 
functional group is carbonyl group. 

Ketones: ту аге organie compounds which have alkyl groups on both sides of carbonyl group. Their structural for- 


mula is . general formula is С Н. О, and their functional group is carbonyl group. 


R-C-R 
Carboxylie acids:Their functional group is carboxyl group СООН, their general formula is R-COOH and their 
general formula is CHO. 
o 
1 
Esters; They are derivatives of carboxylic acids. They have carboxyl group as carboxylic acids ~ C-O- , In esters, 
oxygen of the carboxyl group is attached to alkyl group, Their structural formula is -C-O-R  , and general formula 
is C H,O. 


Amines: They are derivatives of ammonia, Alkyl groups replace one or more hydrogen atoms in ammonia. They are 
divided into three groups as primary amines RNH,, secondary amines R;NH and tertiary amines R-N. Their structural 
formula is R-NH, and general formula is СН. М. 
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QUESTIONS OF CHAPTER-7 


Vol)" Vere are tuo colorless Bquds in ove difieren test lubes. Che 15 hesane, the ether is I-hzsanol. Haw can yia dif- 


terennare Hicse owe liquids? 


7-2- Мерг dun the prepariütiu processes ef ae Ped Eus mie ттар а гил the staring substances. 


4) l-propanol trom I-chloresropame 


e) erFana. from ethanol 


by eihanol irom ethene 


i) sedium zthanoate fren mehs | ethannatc 


723- We frase ^ -ehlerabutane and B-bnterie cuw pods m Га алганга "hie ure du xeu ase ii prepare 1 Баана? 


Tete Supply nares for Cre follwing пты ton punks accardinie te IPAC sister. 


n t 
| 
ИСИ - OT 


CHCH.: i a CHIH 


| 
CI 


7-5- Supply structural formalas for the folles ig organie comgpeunds. 


IF 2--dimcthy Беч атс ac 
Ji 3-meahis l-A -Fg гагы; 
Tp ello sang 
ШЕНШДЕ ДЕШЕ avid 


*yCH aH HCH CH-Hr 
ApCELCTISCIHTCIÓTHSTI: 


51 p 
| 
НИН © tH 


1 Z) buts 1 Puteri be 
Sp 2- meris IZ p nra 
Bp Seated? тет апе 


7-6- Mrrire the “Aliens showing the following reactions 


LE Preparation ul i thare, acil атца Irori nihi al. 
Z} Prezaratium ol hanol гл Гитт Шиит. 


1} Preparation ni propanoiz azid starting Tm 1-brimopropane. 


oh ü 
II 
ЄТСЄ, 


7! i} 


Нан: H 
В! D 


| 
На Нь C {0l 


3) 2-2 d- -hepian 
Hb 2-cihiyl-2-mminübiz чама 
ар hutuxybutanz 


77-4 ©гийпиы с шири] dish his general Vorcula Il. A аин mular wass ul 60 je mio uses mur reset wih Lugas 
reuzent. But ut underaues oxidation coniplete 3. Wre the molecu ar and struzturul Farmulas uF ihe compound, А Бег thi 
while ns reactions and when write general formulas ard naraes oF its pradezis. 


T:R- Curcle the correct answers 
l= Which compound i5 chen y heating eihanol and sulfuric acid? 


(1 
І 


a CH, - c bycH, Cl, exci coo d) CH ACH, 


2- Whar i The exa puni bin rend Cour aside al SF upiana will the help ul Rr AL an avidi cudi Lins? 


a} propanal hb)bprapanene c} propenz d prapancic acid 
3- The zémipuunid ийи [rar reduction uf гурта he addition éd Mi arid HI. 
aj prapanorc acid bl-prupanol | cZ-propanal! rl} propane 


4- [he gas obtained iram the resection od лап! woh sad.um metal: 


аре). WO, ey OO dH. 


5- АЙ и et aal (naercury- zinc] in the presence ot HEI and glhanal: 


a) Primary alcohols hy Secondary alcnhnla ej Tertiary. шеді #17 Alkane 


6- The gas olnaired from che reaction of ебал acid with sodium hyd TELCO carbonate: 


aj H. bi CO, ey dj Co 


7- Far wich at the followin cas! reagent {HE Am) y used io diBierer rare? 


a} rl TUTTA Secu bars ania ТЕТЕ ЕТЕТ hi ahleh sihes amal Eees T] primas ETT Secor lary ANY as 
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K- The number of structural formules ut C TL, Dir; compound: 


432 — h3 c4 5 


8] In order bo form silver mirror. with which of dhe Bel osse im shield silver ammanium hydroxide react? 


aj kerane hy aldehyde e) eerbary датай d alkane 


L0- Which ot the Gelling олот роит reels ss ith Fehling”: sluten” 

cr e Cr Cr 

| | | | | 
abCH:- C-H: btth- ЕН сн: C- OH diCHi- C-CHl 


|l- Wa ge aue aptin es Mich queres ore femine qe: = pararel? 


ab oxidation h} cleavage ep redactior dy substan 


7-9- Мег due n the ss nies cupiat af butane acid From suitable alka | halide with Grignard ирги, 


7-10- rire down the aumes uf organie eompeunds from Ade Ё in the chair. reactions starting w ilh ethylene 


ТАТЕ INS 


=. + 1| | — A 


^ KOI 


n b DLE C Koo rar 


I) - NaHCO, ke E - СО. - HY) 


7-11- How van yod dilteenziaze the ТП Номга compound paws cx perimemalls? 


Г penpanal and. propane zy -penia and рь папе 
Ар bulanal and bunion acid 4) Z- meth I-Z2-pronparnn] and | -prapanol 
5) etanal and ethiamote acid &) eh lanrane and ethene 


7-12- Explain the l'ullresing changes xia chemical equaiions: 


ah CH. UH 
| | 
Dh- C- CH; —— CIE - C- Cll: 
| | 
| (iH 
Бу » 


| 
CISCO CIE; ——= CIE-CH - CH: 


e) l- Eater — 2-а Би 


31. . . . . А & is E А 
7-13- "The following compounds are formed from result of oxidilion аа аот. oz alcalia.s. Write cameo their reactions und 


Structural formalas ind names of айс ок. 


hip Eth aral b) 2 игру Треәрата ¢] 2 bianni 


7-14- Sube the fo lime ings equat iens and anser te шр ens. 


WI EH Batt). Fehlings пип 
{Нв m L'- Hat JH m Hal} | > 
А В i 


ad еги doa n the атига ferris o, A, Û and €. 
BA rie cane ihe names otf А. H aral C 


у Which Н and €" has higher bou ing point? 
dj] rie dissi ores ыга отага ах. o£ cormprieund Beo tigh daesn'r mmadizzs wah E Cr. in acidez cnr Їйї. 


7-15- au at the РН олату compounds were mixed in шй conditians, A dhe end oz the reuztion. pleusunz-smelling 
C.H, Et enmpeund fenmed. Find ain those rac sempaands and write down cie eguarte: 


(HCH. CHiCH;OH, CHCHO, CH;COOH, CH CH-OCH: 
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7-16- Mire dies n rhe symiliesig euim e7 die Йу ача аги cumprimis starine from eriam. 
aj cthaneie acid CCGG BF ethyl ethanoate CE COC HCL, 


eel: CAAT A) cred magnesiuni shluk CH ECH. Wgt 


Te) 7- рш the Гоча cnnipeuads saning lom ethylene tl LILA. Write down the equations. 


ПЕД ҮП hj еы тып зик сые —- eredivl hesine 


Tel As А has three curona soms, write down the nulas nl ue lowing A, B. €. D. Û naaie crinipourds in the 
folle ina equation chair. 


Ici Mp 


— [D 


со. 14 


С — D — E 


alr; elier 


7-19- ^ 35 an гипс torpet] hich has А Sarkar entem ÛU Peres рои O when tos А ву) This subebu ne 
deen breach wath Fehlings salutiua. When sodium mela. reacts v nh compound A, compu 15 ишпе]. Tut when 
H is reduced. melds compnurnd A. 


uj Wre down vie structura dermmulas ar A. ГЬ ап”. 


hj Wre doen Lhe Cura ert exp uabiens of vowmpeumls А. d aed C. 
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BIOCHEMISTRY CHAPTER-8 


ACHIEVEMENTS 
After completing this chapter, the student is expected to : 
* Differentiate different types of carbohydrates. 
* Leam types of sugars and their differences. 
* Differentiate starch. 
* Learn lipids. 
* Learn how soap is produced and the ingredients used in soap production. 


Carbonhydrates starch and sugar are 
fundemental foods for humans, 


8-1 PREFACE 

Biochemistry is the branch of science which studies chemistry of biosvintlie- 
sis in living beings. This branch of science explains biological phenomena im 
badies of living beings in terms af chemistry by studying chemical changes in 
human body and in other creatures. In this chapter, we will sudy the properties 
and reactions of two important chemical substances which we take inte aur 
hodies from foods, These are carbohydrates and proteins, 


8-2 CARBOH Y DRATES 

Have you ever thouisht about carbohydrates which make up of most of our fated 
as hread and rice? 

De vou know why hones, banana, apple, grapes and some other fruits are 
sweet? 

In the structure of these foods, chemical substances as carbolwarates, starch, 
sugar are found. 

What are carbohydrates? What are their properties. and how many kinds of 
carbohydrates are Tiere? 


8-2-1- Structure of Carbohydrates 

If we examine the structures of the foods mentioned above, we see that they 
are made up of oxygen, hydrogen and carbon. But the ratio of oxygen rs hizh- 
er than others. In the structural Formula of most carbohydnites, carbon atom 
forms bonds with atoms of water molecule, These are (CHO), and CLO), 
Therefore, this kind of molecules are called as carbohydrates as they erniginate 
[rom hydrate (water] and carbon, 

Carbohydrates are divided into two groups as complex and simple carbohiy- 
drates. Thes can be in long carbon chams which can rotate plane polarized light 
(optically active) or in evelie structure; Bath structures are stable. 


n-2-2-Classification of Carbohydrates 
Carbohydrates are classified as follows: 

|-Monosacchandes: eg, Glucose and fructose 
2-Disaccharides: eg. sucrose, maltose and lactose 
3-Palysaccharides: e.g, Starch and cellulose 

We will mention some important properties of each group. 


|-Monosaccharides: 
They are the simplest form of carbohydrates. as examples, glucose and fructose 


a) Glucose (Grape sugar): 

Glucose is found m grapes and blood in nature, It is especially important as 
a nutrient for patients who cannot be fed through mouth and also im surgical 
operations. Its molecular formula is С.Н „О, or C, (НО, The molecular struc- 
ture and geometrical shape of glucese are given below, 


1 
uf am 
ccn Janv. 
ات‎ —— ni" " } چوڪ‎ 
H—C—oH — т 
нн н. он 
н 
ч 
OH 
H-ec-o 
i ын T 
HO—C-H ر‎ NOB 
H—C—OH E E 
H—Ç-0H он * v on 
[ H 
H—C-OH 


In evelte structure, itis an ether containing hydroxyl groups. 

-In open structure, it is an aldehyde containing hydroxyl groups. 

We can explain the properties of glucose with respect to its molecular structure. 

The molecular structure also helps us understand its reactions. most of reactions 
occur in aqueous solution, Glucose has a crystalline structure. Its boiling 

point is high. It dissolves in water. When we study the structural formula of 

glucose, we can see that hydrogen bonds form between hydroxy] groups and 

hydrogen atoms and glucose molecules. These hydrogen bonds cause boiling 

point elevation, 

When we examine the open structural formula of glucose, we see that it is 
formed from an aldehyde group and many hydroxy! groups, Therefore, it has 

some properties similar to those of alcohols and aldehydes. Therefore, they are 

oxidized in Tollens Reagent and Fehlmg's Solution, 


b) Fruciose (Fruit sugar) 
Fructose is found in honey and most fruits. Ив molecular formula is CHO, 
and itis same asthe molecular formula of glucose. Rut their structural formu- 


las are different. In Figuret A jandi Bithese formulas are shown. t is b Ag Its 

structure is similar to that of glucose, their physical properties are also similar. 

They both contain hydroxyl! groups (-OH) and carbonyl groups. In their open 

formulas. In cyclic structure, they have {-ОН] and ( -€-0-C- y groups which 
xf x mE А T " LE RH | 

raise both boiling point and water solubility. 

In open structural formula, there are numbers of hydroxyl groups in addition 


to carbonyl ketones which gives similar properties and inter similer reaction 
to these for Alcohols and ketones, Therefore, fructose can be oxidized. 


[| Missed iii re bari là. af ulace: 


In open structure formula glucose 
molecule, functional groups are 
attached to long carbon chain. 


n = а 


H 
(B 
A) Cyclic formula of fructose 
Bi Open formula of fructose 


Contrary to Ketones, fructose is oxidized with Tollens Reagent and Pehling’s Solution. 


Therefore, although fructose ts a ketone, it is accepted as among reducing sugars. 


Bt: gar cane 7 


vi 


ny 


Бн = к= ш] 


P و‎ 


Ve lime supar dis lite Tari И is 
aero 


2) Disaccharides 
Amnulecule ot this type consists od two identical ar differen: monasaccharide 


after limp ü water molecule the most example of this. 

Sucrose 

Buc nese am] sugar cine are examples. Sarrose is Sect, Пот: produced from 
suar cine. After rennina. 2uruicutuun qnc cnystallizatiun. we per while suirar. 
lis ieleenlar fnrmnla is C JH, J. em suerose ma.ecule, Панас clean aie of 
тит w йл егип аца Fini one ТЕ Cd) Price ie ect le, elycasile гй 
are fornei bers zen heri. But idis bond dissul es dime digestion ТАЕ 
ics 

sucrose — Fructose- Glucose 
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3) Polysaccharides 
Thes are large molecules (polymers) formed Пегаса bonding efiam 
monosac с hari des ache, Stich and vellulose arc examples 


i) bul 

When we consume. palate, we set carbohydrates Form ed fram small ginco 
Upis [hs шл is a polmer walhal as spen Ime Тыш unit is elis. 
waich are connected *hrouph the decoding of the carbonyl double band. 
Fonds containing this түре 1: carbohydrate are called (starches)due ro the 
presence of starch in them іга [агаг 3mconnt. 


b) Cellulose 

Celluluse is ù lame rauleculeqnolymer] formed frum ишсиз. Alihuuwk basic 
units ut cellulose and starch are 422 sume. they have dirterent shapes and prup- 
кг depending on The rumber ic glucose ume ht make up cach aa hem and che 


aliclerenee in their handing eich ТАКАШАТ ДЕ aurez o ecllulnes 15 rd Abs 


amd besides peel of surne fruits as dale palm have eelluluse. 


Bul enzymes or some acd solutions dissolve kuse bla melezeles. A similiar osent 


1o this uccurs im digestive syslen in our bodies. 


Enzymes ir 


acid salutian 
Cellulose ——  CHucose 


Biochemistry 


5-2-3- Detection of Starch 

шг molecules form honds HE idine rrindecules in adine soluzioan and pro- 
duce a uml with hens colour. The wading solutinn is obtained by 
іе vang dnd coral in passi imi ide with blue colour solutinn. 
Thus, Fu cetectiem ot shugh, a few draps eT iue burn pm. puta pelage 
i> dede] pa shugh sedition. (Blue colur is ulserved, tial shows tle presence 
of starch. 


8-3 PROTEINS 


Tw Greck enigin af tlic: word protein, the first sellable ipro пасат the (primary, 


arel the second syllable (teins! mezms im 01 tance ui basis. 

l isthe main Кип block of eur belies Iiis four in all lying Beires. 

|t carries great arniporzamze аз iis Ше biggest sorce of amine acids which ure 
necessary for growing nl living beings. 

Ve hat ягы Hac: z hemical Ser eines riese substances? ve har ar: The similari 
and differens Ре een ruley lyn? 

Ve het are the shapes of eir molecules? Cam vx prepare theim in Exboratorz? 
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Cellulose 


Starch 


The main sourre af any protein is Eis ing bodies, but ane area ir the Sod y mas contain те pes of prateins 


that must be «epararec from each other. Gwe to the mimilurity nt its chemical compasion ard its physical anc 


chen-zical properties, it is dificult te separate it hy simple chemical methode. 


%-3-| The constituent elements of protein molecu 
As àrcsu rnt EGY esperne gla, m is 520591 Tal prorean is cantina at carbon. 
eden ss eun ап nitrogen elene pi addition te dise eleriens. 
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8-3-2 Amino acids 

Thes aze һы ria итча unis im prone сү are, Thes ce бщт wih ghe 
remil ke lovee: 

Iam ari general АШАП deu pla Fg apor agidi cand aps wer the (ques ins 
L- Нит as the Гита итш аси ap cum meri ce add annm acids? 

2-N haz are che chemica effects of each functional гаир nn the properties nt 
amint acid " 

All differences Багу anm ne acida depend ni alkyl Ft gius 


H-3- 3- Formation of Proteins 
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Structure of protein 


Exercise 8-1 

Proteins show either basic or acid- 
ic property (amphoteric), Say the 
reasons for this, 


Protein has a carboxy! group on one side and an amine group on the other side, 
There are amide groups at the place where the bond is formed. 


amide band amide band 


8-3-A-Significant Reactions of Proteins 

The most significant reactions of proteins occur in cells of living beings. At the 
end of most reactions, protein decomposes to one or more amino acid units. 

In laboratories, proteins can be decomposed to amino acids forming them by 
addition of inorganic acid (HCH. These reactions occur by the breaking of am- 
ide bond as in digestion, Besides, by addition of inorganic base NaOH], pro- 
teins can be decomposed te amino acids salts, 

Proteins show some differences with respect to the type of amino acids they 
contain and alse with the numbers and order of these amine acids. There are 
more than 20 amino acids in mature. The functions of protein in body depend 
on the amino acid and its sequence. Therefore, scientists have tried to produce 
amino acids in laboratories in order to make use for living beings when neces- 
sary and learn their sequence. 

Proteins play a vital role in lives of living beings. They have many different 
types which have the same chemical formula and same bonds but due to their 
sizes, they have dilTerent functions, 


For example: 

= thase in fibrous shape as keratin in hair and wool. 

* those in semi spherical shape as in ешт 

Proteins assume important roles in bodies of living beings with respect to their 
shapes. Апу effect changing the shapes of proteins interrupts their functions 
and affects the life of the living being. The most important proteins in our iod- 
jes are enzymes, hormones and hemoglobin in blood. 


§-4-ENZYMES 

They ore some kind of protems. They are found in all cells of Irving beings. 

They function independently. They play vital roles in events like digestion and 
Metabolism and Breathing. 

Enzymes are produced in bodies of living beings. They are constantly renewed 

during vital reactions as they lose their effects by time. They function at a cer- 

tain pH value. High temperatures disrupts their structures and prevents their 
functions, 

Enzymes supply the necessary enengy for reactions, 

There are twi types of enzymes: 

l- Intemal enzymes: They enable oxidation reactions inside cells and they 

don't get out of cell membrane, such as oxidative enzymes. 

2- External enzymes: They perform their duties out of cells alter they are se- 

creted as digestive enzymes. 


8-5-LIPIDS 
Chere ace plenzy ul lipids in nature seceteble ails are found in cores ut plaats 
az galba. zern, and тий Hike olse med eecanuan. Animal Ens are found in all 
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wells ef enimals Thes ane эдил] des emeret tu Dy ыд] when necessi. 1n 
digesti ib sos narii dpa riri, plenty af TIT E p. elitare] Тары, герге" 
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BASIC CONCEPTS 
Biochemistry: It studies the chemistry af vital compounds in living beings. It explains functional biological properties 
of living beings chemically by studying chemical changes in human body and living beings. 
Carbohydrates: They are compounds which are formed from oxygen, hydrogen and carbon. The rate of oxygen in 
hydrocarbons is higher than of others. When we examine the structural formula of (CHO) we see that each carbon atom 
is bonded to water molecules. Therefore, carbohydrate name is given to those compounds. 
Glucose: It is a kind of monosaccharide. It is in form of hard crystals. Its boiling points is high. It is found abundantly in 
grapes and also in blood in nature. Therefore it is also called as grape sugar. Its formula is СОНО, or С, Н.О), Its open 
formula contains many hydroxy] groups and an aldehyde group. 
Fructose: It is a type of monosaccharide. It is found in honey and fruits abundantly. Therefore, it is called as fruit sug- 
ar. Its physical properties are similar to those of glucose. [ts open formula contains many hydroxy! groups and a ketone 
group. 
*ucrose: [t is a type of disaccharide li 15 obtained from sugar cane and it 15 also called as cane sugar, lis molecular 
formula is C,.H,.O,,. Each fructose molecule is formed from а glucose and а fructose molecule with a glycoside bond 
between them. These molecules can dissolve in our hodies during digestion. 
Starch: It isa type of polysaccharide. It is obtained by breaking the double bond of carbonyl in glucose and then forming 
polymers by bonding glucose molecules to each other. 


Cellulose: It is a kind of polysaccharide. It is big molecule formed from polymerization of glucose. Starch and cellulose 
show different properties and shapes due to the difference in the number of glucose molecules they have and bonds they 
make. Fibers of plants and skins of some fruits are natural sources of cellulose, 


Protein: It is formed from carbon, hydrogen, oxygen nitrogen and sometimes sulfur and phosphorus. its main source is living 
beings especially living organs. Ihe Greek origin of the word protein, the first syllable means the {primary}, and the 
second syllable means importance or basis , It carries great importance in lives of living beings, 

Proteins are obtained by bonding many amino acids together and removal of water during this process, On one side 

of protein molecule is carboxyl group and on the other side is amine group. As bonds, amide group are present. 


H pe 
Amino acids: They are the main units of proteins. Its formula is wie ‚ Amino acids show difference 


with respect to alkyl group which is between carboxy] group and amine group. 

Enzymes: They are some kind of proteins. In all living beings, they are produced by the organism. They are found in 
all cells of body, They function independently. They play vital roles in events ав digestion and respiration. They are con- 
stantly renewed during vital reactions as they lose their effects by time. They function only at a certain pH value. High 
temperature disrupts their structure and their functions. 

Lipids: They are the main substances which body stores to supply energy when necessary. Great amount of energy is 
obtained from animal fats during digestion and oxidation reactions. They are also found in cores of plants like cotton and 
cur. 

Soups: Soaps are organic compounds of sodium or potassium salis of fatty acids. Soap is obtained from mixture of 
strong bases as sodium or potassium hydroxide with oils. The shape and quality of soaps depend on the base and the 
quality of fats. 
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QUESTIONS OF CHAPTER-8 
8-1 - Circle the correct answer in the following questions. 
1) Which of the following isn't a protein? 
a) A compound which is made up of carbon, oxygen, hydrogen and sulfur. 
hj A compound whose molecules are made up of carbon, hydrogen and nitrogen. 
e) A compound which reacts with acids and bases. 
2) Sucrose molecule consists of units. These are: 
a) glucose b) fructase €) glucose and fructose 
3| Which of the following elements isn't found in amino acids? 
à) nitrogen hj phosphorus e) oxygen d) carbon 
4) Which polymers are formed by fatty acids? 
н) proteins b) carbohydrates c) oils (Lipids) 
8-2. Tell reasons for the following: 
п} Fructose is assumed as а reducing sugar. 
b) Proteins react with acids and bases. 


e) Separation of proteins with simple methods isn’t easy. 
8-3. How can you differentiate starch and glucose? 


8-4. Complete the following table: 


| Subject of comparison 
| Molecular formula p uL Л 


OpmFomua ||| 
Functional group іп open formula — | | | 
[Functional group in cyclic formula | | 


SI Units апа Conversion Factors sail! Ше» الوحدات‎ (1) Јазы 


ЧЫ! (Length) SI Unit: meter (m) adl ШЕ! (Mass) SI Unit: kilogram (kg) 
1 kilometer(km) 21000 meter(m] 
1 mile — 1.61 kilometer (km) 


1 kilogram -1000 grams (1 kg = 1000 р} 
І ат 253) = L66x10-7 kg 


1 meter(m)- 100. centimeter (cm) amu (1,55 USS إوحدة‎ 
[1355 405 


(Time) SI Unit: second (s)‏ الزن 
lhour(h)- 60 minutes (min)‏ | 
(Volume) SI Unit: cubic meter аа (пъ) Дый | 1 hour. (h)- 3600 seconds (5)‏ الحجم 
liter {L} = 107° meter" (m') | ШЫ! (Ene £ ү} SI Unit : JouletT)‏ 1 
liter(L) 1000 milliliter[ mL)‏ | 


1 Joule = 1 kg. m/s (exact) 
1 liter(L}= 1000 centimeter’ (cm?) SE UA EE 
| 1 calorie (cal) 4.184 Joules {[ 

| milliliter (mL) =leentimeter’ (cm) suene tod aer 


Lial (Pressure) 51 Unit: Pascal (Pa) 


1 atmosphere (atm) = 101.325 Pascal (Pa) 


1 atmosphere{atm) = 760 mm Hg = 760 Torr 


days (Tempers SI Unit: Kelvin (K)‏ الخرارة 


1 mmHg =1 Torr 


T Kelvin(K} =t Celsius (С| +273 
“Е Fahrenheit = 9 x t Celsius (C) 432 
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Oher Symbols and abbreviations (1 (المختصرات‎ 


a alpha particals الفا]‎ 3503) ад mL militèr (volume) (aaa) palla 


| betaparticals — (Une Lis) | Joulefemergy)( Rabb ъъ) mm millimeter (length) [уьу zaka 


Y gamma-rays. (Lats ж!) Kelvin (temperature) | hs.) mole (amount) eens d aes 
atomic mask um (amu) (£253 4158 2234) | kg — kilegrarm [mass] (acs) كلو غرام‎ 

{ад} aqueous solution ( مائ‎ J plas) Pa kilopascal (pressure) (lesion) JIB ots كلو‎ 

faim) atmosphere ( pressure d Eua 8.23 5] liter (volume) aaa) 331 

bp. boiling рети З 941 Ер quid (dili 

°С degree Celsius (temperature 255415 33,4] | M molar mass 41а U8)! 

C Speed of БиМ in vacunm {аа ie.) meter (length) (Ја) is 

em centimeter {ер {| ЫЫ р аа] à pascal (pressure) 

E energy] Sali) Iv volumes а= ideal gas constant QA УА اسح‎ 
© electroni ga 52541] та bali- life time sisati pis ea) 

po gram {masy USI) зза) غرام‎ | temperature 3 yl y &a 32 


(B) gas ( 344) STP Standard Temperature and Pressure aal atii انظ ر وف‎ i international System of Units 2 as а النظام‎ 
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*Relative atomic mass of the isotope of the element with the longest known half-life. 
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